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FoR POPULAR ASTRONOMY 

Although I call this a new method it is so only in its applica- 
tion to that universal instrument of the surveyor, the theodolite. 
It will be seen that the principle is that of the almucantar, origi- 
nally designed by Mr. S. C. Chandler and now just commencing 
to be used seriously in Observatory work. There are, however, 
probably not half a dozen almucantars in existence, whereas 
every surveyor possesses a theodolite, and is frequently required, 
in. Australia at all events, to determine the three fundamental 
quantities, time, latitude, and azimuth, by astronomical observa- 
tions. A method which will ensure an additional measure of ac- 
curacy will therefore probably be heartily weleomed by members 
of the surveying and kindred professions, 

I was recently asked by the Surveyor-General of this state to de- 
termine by astronomical observations the latitude and longitude 
of certain of the fundamental stations of his major trigonomet- 
rical survey, but found that the only available portable instru- 
ment was a 12-inch theodolite. By attaching a loose sensitive 
level to the axis of the vertical circle and adopting Talcott’s 
method, I found I could determine latitude with considerable ac- 
curacy, but the time observations were far from satisfactory. 
The method which promised the best results was that of the por- 
table transit in the meridian, reducing the observations by the 
somewhat cumbersome method of least squares, but the results 
were only fair, and I found it necessary to take a level reading, 
with reversals, for almost every star. At this stage I came 
across a reference to the almucantar, and following it up dis- 
covered a complete discussion of the new instrument by its inven- 
tor, published as Vol. XVII of the “Annals of the Astronomical 
Observations’’ of Harvard College. It occurred to me that the 
same principle might be applied to the theodolite, using the sen- 
istive bubble instead of the mercury flotation to ensure equality 
of zenith distance, and the results so far have been very gratifying. 


* Government Astronomer, Western Australia. 
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The underlying principle is the substitution for the meridian of 
an almucantar, or small circle parallel to the horizon, as a circle 
of reference. The particular almucantar chosen is that one which 
passes through the celestial pole, and the observation consists in 
determining the times of transit of several stars across this circle, 
which has been named by Mr. Chandler ‘‘The Colatitude Circle.”’ 
Amongst the advantages of the method for the determination 
of time and latitude are the following: 

1. There is no such thing as collimation error. Those who 
have attempted to make very delicate observations with a 12- 
inch theodolite will appreciate this. 

2. There is no azimuth error, and no absolute, but only a 
relative level error, necessitating no reversals and very easily 
read and corrected. 

3. There is no correction for flexure, and only a differential 
and almost imperceptible correction for refraction. 

4. The observer occupies the same position in relation to the 
telescope for all stars. 

5. There are no circles to be read and therefore no correction 
for errors of division, screw errors, etc. 

6. The slightest deviation of the instrument from a true almu- 
cantar is shown by the sensitive bubble and can be easily cor- 
rected for each star. Ina transit instrument we have to depend 
upon rigidity and mechanical perfection. 

Finding the results of five evenings’ observations remarkably 
accordant, it occurred to me to try the method in connection 
with the ordinary surveyor’s instrument, a five-inch theodolite, 
and an ordinary watch. Once again the results were highly sat- 
isfactory and exceed considerably in accuracy, I believe, those de- 
ducible by any other method with this instrument. 

Before proceeding further and in order that my readers may 
share my confidence I will here epitomise the results obtained 
with each instrument. With respect to azimuth, I was not at 
the time concerned, but made afew observations which lead me to 
believe that by this method the astronomical error can be practi- 
cally eliminated, and the accuracy of an azimuth determination 
can be made to depend practically upon the accuracy with which 
the circle can be read. 


RESULTS OF TIME AND LATITUDE DETERMINATIONS WITH THE 12- 
INCH THEODOLITE. 


The instrument was mounted on the meridian of the transit 
circle and about 114 fect south. There were three equidistant 
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horizontal threads in the field of view and one unsymmetrically 
placed but parallel to the others. Sometimes three, and some- 
times four were used. Transits were observed by the eye and ear 
method, using a sidereal chronometer beating half seconds. 
This was compared with the standard sidereal clock on the 
chronograph both before and after the set of stars. The error of 
the clock was determined by means of the transit circle. 

Observations were made on 5 nights, and the following shows, 
for each night, the difference between the chronometer error de- 
termined by means of the theodolite and by comparison with the 
sidereal clock. Theoretically it should be zero. 


Time. Latitude. 

1902 Dec. 8 — 0.03 31 5&7 10.3 
9 + 0.01 10.1 

10 — 0.07 10.5 

12 + 0.02 10.2 

13 0.00 10.2 


THE 5-INCH THEODOLITE. 
This instrument had been lying idle for months, 
tempt was made to readjust it. 


and no at- 
It was simply placed upon a 
gravel path, levelled, and observations commenced. An ordinary 
watch was used, beating neither half seconds nor any particular 
fraction of a second and the only illuminant was a stable lantern 
containing a candle. There was no assistant and I had to esti- 
mate the time of transit across the single horizontal wire to the 
nearest second as well as I was able. I observed on two nights. 
On the first the error of the watch as determined by the theodo- 
lite differed from that as determined by 
sideral clock by only O*.2. 


a comparison with the 
I thought at the time that there 
must be some luck about this, but on the second night the differ- 
ence was only 0°.1, and the individual pairs, of which four were 
taken, proved that this was a fair measure of the accuracy ob- 
tainable. They came out as follows: 
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The latitude results were equally satisfactory. The means for 
each night were: 
Dec. 17 31° 57’ 10”.9 
18 9 .6 


The individual results for the latter date were: 
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I believe that by no other method can time and latitude be de- 
termined with a five-inch theodolite with an accuracy at all com- 
parable with the above. 

PRACTICAL INSTRUCTION. 

The essential feature is to determine the relative times of tran- 
sit of several stars across any almucantar, or small circle parallel 
to the horizon. For convenience we adopt that almucantar 
which passes through the pole, and practically we set our theo- 
dolite to the altitude of the pole as nearly as possible. 

It stands to reason that we are not likely, in setting, to strike 
this ‘‘Colatitude Circle’ exactly and that therefore a correction 
will be required to reduce our observations to this ideal circle. 
It is therefore unnecessary to know exactly where our true line of 
collimation is, as it is also unnecessary to know whether or not 
the alidade bubble is accurately reversible. All we wish to know 
for certain is that all the observations are made at the same alti- 
tude, and this is secured by keeping our telescope firmly clamped 
and taking care to level the alidade bubble immediately before 
each observation, as described below. I propose for the sake of 
simplicity, to first describe the method as applied to the 5-inch, 
and afterwards to indicate the modifications required when 
greater accuracy is necessary and the 12-inch is used. 

OBSERVATIONS WITH THE 5-INCH THEODOLITE. 

I. Set up your theodolite and level it as usual. 

2. Never mind collimation, ete., but see that the level attached 
to the vertical circle (7. e. the alidade level) is about the center of 
its run. 

3. Set the telescope at the altitude of the pole as nearly as 
possible plus 1’ 30” (for Perth) for refraction. Clamp in altitude 
and be sure not to touch the altitude slow motion screw again. 
When rotated in azimuth the telescope will now approximately 
describe the “‘Colatitude Circle.” 

4. A working list of stars must be prepared beforehand, show- 
ing the approximate time of transit and the azimuth setting. 
These are obtained as follows: 

Compute from cos ¢ tan ¢ tan (45 + 123). Convert it into 
hours and minutes and add it to the star’s R. A. for a west tran- 
sit, or subtract from star’s R. A. for an east. This gives the 
sidereal time of transit. 

Here ¢ is the observer’s latitude, which ought to be approxi- 
mately known, and is to be considered a positive quantity 
throughout. 
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8 is the star’s declination + for north and — for south for a 
place in south latitude, and vice versa for the northern hemisphere. 


The azimuth is computed approximately from 
tan %A = sin ¢. tant. 


For these computations only 4 figure logs are required. The 
list should contain two series of stars. 

(a). Clock stars, or those which pass within about 20° of the 
prime vertical. (In latitude 32°S. stars between 0 and 30° south 
declination may be taken). 

(Db). Latitude stars, or those whose azimuth is not greater 
than, say, 45°. That is stars whose distance from the visible 
pole is as nearly as possible twice the observer's colatitude. In 
Perth latitude 32, I use stars between about 16° and 26° north 
deciination. 

The Nautical Almanac stars can be used and the working list 
should contain the data for both east and west transits. 

5. The observation consists simply in taking the time of tran- 
_ sit across the horizontal thread. 
which has a seconds hand will do. 
error of the watch before hand. 


For this purpose any watch 
It is unnecessary to know the 


6. Immediately before taking each transit and after the tele- 
scope has been set in azimuth, adjust the level attached to the 
vertical circle (the alidade level) by means of the pair of screws 
which move both telescope and bubble together, and which are 
situated just underneath the altitude slow motion screw. (Be 
very careful not to touch the latter). This adjustment is all im- 
portant. If it has been omitted for any particular star you 
must reject that observation. If it appears that the star will 
not pass near the center of the field adjust by moving the slow 
motion screw in azimuth. 

7. Arrange your work so that you obtain about an equal 
number of each set east and west. If you require time only con- 
fine yourself to clock stars; but if you require latitude you must 
take a few clock stars anyhow, as well as the latitude series. A 
good determination of both time and latitude can be obtained by 
taking three pairs of each set, twelve stars in all. Even if only 
one pair be taken for time and one pair for latitude a far more 
accurate result will be obtained than by any of the old methods. 


COMPUTATION. 


8. Reduce each observed time of transit to sidereal time. 
Call this quantity T. 
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9. Compute for each star, 





t from cos t = tan ¢ tan (45 + 1% 3) 
ae =a+t 
(6—T) 
Z from Z = cosec t sec 8 
Lfrom L= = a - cot t 
15 sin2¢ 
where a = star’s apparent R.A. at date, taken from N. A. 
8 = star’s declination counting north declinations + and 
south declinations — 
$= observer’s assumed latitude, considered always posi- 
tive. 
Take the best value obtainable. 

Compute t and @ rigorously, using 7 figure logs. t will be + 
for west and — for east stars and will be required to be expressed 
in time. 

Compute Z to three decimal places using 4 figure logs only. 
Same signs as for ft. 

Compute L the same. Same signs. Only required for latitude 
stars. 

Distinguish the @, 7, etc., for eastern stars by an accent thus, 6’. 
T’, etc., leaving the western ones plain. 

10. Pick out the clock stars and group them in two columns, 
west and east. Opposite the name of each star write its Z and 
(@— T). Take the mean of each column. We shall thus have a 
mean Z, Z’. (@— T), and (@ — T’). Compute 


(6— T) — (- — 2") 


Remember that Z and 7 are of opposite signs and must there- 
fore be added together to form the denominator of the above 
fraction. 

zis the angular distance between the circle actually described 
by your instrument and the true colatitude circle. It is required 
in the following computations. 

11. The error of the watch can now be easily obtained. It is 
equal to (@ —T)—Zz 

: or (0? — T’) —Zz 

A plus result signifies that the watch is slow, a minus that it is 
fast. Remember that z, as just obtained, is in seconds of time. 

12. Latitude. Group the latitude stars as before, but oppo- 
site each write 6— 7, Z, L, and take means. 
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Form the following quantities: 
a=(Z-—Z)z 
b= (@— T) —(@ — T’) 


c=L-L 
Then the error in the assumed latitude 





_b—a 

. 

and is expressed in seconds of arc. If the result is positive add 
to assumed value, and if negative subtract, considering latitude 
always positive. 

Once again remember Z and Z’, also L and L’, are of opposite 
signs and must be added numerically in the above. 

13. If individual results are required, as a test, treat each pair 
in the same way as the means; but use the mean value of z for 
the latitude throughout. 

14. If it is found that the assumed value of latitude was con- 
siderably in error, and as great accuracy as possible be required, 
it will be advisable to repeat the computation with the freshly 
determined value of the latitude. 


AZIMUTH. 


15. If desired, azimuth may be determined at the same time. 
For this purpose the time of transit across the vertical thread 
must also be observed, and a reading of the horizontal circle 
taken. It should here be remarked that when the star is first 
seen, if from its motion it appears as if it will not cross near the 
field, the slow motion screw in azimuth may be used to any ex- 
tent. If observations of transit across the vertical thread are to 
be made this screw must not be touched after the transit has 
been observed; or if so the star must be made to recross the ver- 
tical wire and and another transit taken. Any movement of 
this screw will not affect the observation for time or latitude. 
Any star or number of stars may be observed for azimuth and 
there is not the same necessity for grouping them east and west 
as in the former case. 

16. Compute A, the true azimuth, as follows, using 7 


figure 
logs. 


tan 1% A = sin ¢ tan t. 

17. For each star convert observed time of transit across 
vertical thread into sidereal time and correct for watch error. 
Subtract 6, already computed. Call the result dt, + or —ac- 
cording as observed time is greater or less than @ and express it 
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in seconds of time. Compute correction = 15 sin a cot t dt, us- 
ing 4 figure logs. The result will be in seconds of are and should 
be applied to the observed circle reading. This will give the in- 
strumental azimuth. Subtract this from A and we obtain the 
instrumental error in azimuth. 

18. It is necessary for azimuth that the vertical: thread should 
be in the true line of collimation, although any error therein will 
not have its full effect. It will cause an error of c(sec ¢— 1) 
where c is the error of collimation when applied to horizontal 
objects. . 

19. The results for azimuth will not be so accurate as for time 
and latitude, owing to the necessity tor reading a vernier. The 
astronomical portion of the total error however will be very 
small and the azimuths will depend practically upon the accuracy 
with which the circle can be read. Moreover it will probably be 
found more convenient to make the same set 
cover time, latitude and azimuth. 


of observations 


12-INcH THEODOLITE. 

There are a few modifications introduced by using the larger 
instrument. 

20. The level is not adjusted for each star, but a reading of it 
is taken and a correction applied. It is therefore necessary that 
the are value of a division should be known. We adopt any ar- 
bitrary reading and reduce each transit to it. This standard 
reading is preferably somewhere about the mean of all the read- 
ings for the evening. For any particular transit the difference 
between the observed and standard reading, expressed in are, is 
to be multiplied by 1/15 sec @ cosee azimuth and applied as a 
correction to the time of transit. No rules for signs can be given 
as these will depend upon the method of graduating, etec., and 
may vary in different instruments. The signs for west and east 
stars will be opposite. 

21. The time of transit across several horizontal wires is taken 
and the mean adopted. If one or more wires are missed we 
must reduce the observed mean to the mean of all the wires, as 
follows. The are interval between each wire and the ‘‘mean of 
Wires’ is supposed to be known, and therefore the are interval 
between the mean of those actually observed and the mean of the 
lot. Call this interval £ Then the correction to be applied is, 

1 
15 


but only the first term need be used for any clock stars. 


(Zf + Wf? sin 1” Z? cot t) 
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22. The results ought to be of sufficient accuracy to make 
diurnal aberration appreciable. A correction of, 
0°.0207 sin ¢ 


is to be subtracted from each observed time of transit; or more 
conveniently is to be added to the clock error finally obtained. 

23. For azimuth observations several wires are also used, and 
it will be necessary to know the are distance between the mean 
places of the wires actually observed and the true vertical line of 
collimation. Call this quantity C, then the correction to be ap- 
plied to the circle reading is, 

C sec ¢. 

24. If the chronometer has an appreciable rate a correction 

should be applied to reduce to some definite sidereal hour. 
NUMERICAL EXAMPLE. 

I shall give a complete computation as applied to an observa- 
tion with the 5-inch theodolite. Those who are likely to use a 
larger instrument will easily be able to apply the necessary cor- 
rections required for greater accuracy. 

TIME. 

8 Capricorni was observed to cross the horizontal wire at 8" 

24" 43° by the watch, on 1902, Dec. 18. 


Approx. long: of Perth. .cccssisccsinsss 7 13m 22° E 

o i " aoe E 09.638 
This value of latitude was adopted because I happened to have 
the sine, cosine, ete., handy. Otherwise I should have taken the 
even minute 31° 57’. The final result would be the same. 


Sidereal time Greenwich noon, 18th 









el eee 1% 14 39°.1 
Correction for longitude....s:sccs<ssesesssenssss 1 16 1 
Sidereal time Perth noon, 18th. 17 13 23 .0 
Time of transit by watch.............0000 . 8S 24 £3 .O 
Correction (mean to sidereal) for 8"........... 1 18.9 
™ = > ~~ 2 j 1.1 
Observed sidereal time of transit lw a 6 29 .O 
Declination of 6 Capricorni from N. A.............. 16° 34’ 01.2 
ARES Ries eee A er pet emer Pie hoe toy Ee tee ee Ss 17 OO .6 
15 OE RS ERAN eee oe CEES GE ee 36 12 59 .4 
RAE 98 * RID cau cichhss caguncs ceicgebuncekkadbosdaasedseoane 9.8726370 
ARG A TR ask sk cack nnwanensiencdcnssadacdiecsoscaceersaccoas 9.7949905 
Sum NUE Min siisdiscatiabondsindedasowiudcmuckadactcsscctnnetatabes 9.6676275 
(being W, t is +) BSE ciccenssenticncenssinesssenesexennnd + 62° 16’ 397.6 
Fe conse caannstedeechpabacanacaribaues + 45 O09" O6°.6 
eis GD MUI VINES. Uc crstt phe acide tuisbu dab hecaniencenkoos 21 11 40 .7 
ek een 1 50 17 .3 


T (above).. 


2 o9 29 .O 
6—t 


(sNSAAsNDGASaRaRA Ran SARLAKHbddineendeetiaRenbininsieeinieead - Oo 18 41.7 
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RO Fe OP ach disnsncavanscosaviccendcudbscatuassintccbacuaerousanosen 0.0530 

Rakin rasa saice sini us sedabohodcensnedasdos pactceasesiseuuattebanisead 0.0184 

IRS Se ONIN sha cos pina iVoueesdcesensapas ucbbatcienebiokenesceces 0.0714 
Ui NubSshasdasced sus daudabiedssdbdscnchabastsbebeceaehasestehtsxsdebixen + 1.179 


(+ because star was WW.) 


Similarly all the other stars are to be reduced and the results 
tabulated as follows: 








West Transits. East Transits. 

Star. Zz. 6—T. Star. Vf 0’ — T’ 

m s m Ss 
6Capricorni +1.179 —18 41.7 ¢Can. Maj. —1.238 —18 44.1 
» Aquarii 71 41.2 e Orionis .263 43.7 
« Piscium .290 40.7 B Can. Maj. .180 43.4 
3 Aquarii 179 41.7 ¢« “ & .227 45.0 
eS = _ 185 45.8 

Means W. + 1.230 —18 41.32 — 1.219 —18 44.40 


‘ BE +1.219 418 4440 
(with signs 





reversed) Sum + 2.449) + 3.08 (quotient = + 1°.26 = z 
Mean (0@— 7) = —18 41.32 
—Zz= — 1.55 

Sum = —18 42.87* = watch error 


As the sign is — the watch is fast (on mean time). 
LATITUDE. 


The values of (6 — 7) are to be similarly obtained for the lati- 
tude stars, also Zand L, and arranged in separate columns for 
west and east transits and means taken. Then let 





(@— T) 4 re 
m s 
West stars, mean =—18 40.50 + 1.938 + 0.231 
East ” “« =—18 45.72 — 2.179 — 0.268 
(@—T)—(@—T’) = + 5.22 = bh 
Z2—-Z=+ 4.117 
(Z—Z7) z=4+ 4.117 X (+ 1.26) = 4+ 5.187 =a 
L-L’=+ 0.499 =¢ 


Correction to assumed latitude 





b a 5.22 — 5.19 
_b = TSS — S20 _ « 9” 08 
c + 0.50 
the true value of latitude deduced from these observations is 
therefore, al’ ov 68° S =S3r° SY 9” .G6. 
AZIMUTH. 


8 Capricorni crossed the vertical wire at 8" 23" 43° by the 
watch, and the azimuth circle reading was 269° 44’ 30”. 





* These are sidereal minutes and seconds. The error expressed in mean time 


is 18™ 39°.81. It is, however, required further on for sidereal time and so has 
not been converted. 
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t (as before) 62° 16’ 39.6 
tan t 0.2794198 
sin ¢ 9.7236350 
Sum = tan%A= 0.0030548 
lyA= 45° 12’ 05.3 
A= 90 24 10 6 
True azimuth, star being W. = 360° — A = 269 35 49 .4 
Time of transit 8" 23™ 435, red. to sid. time = 2" O8™ 28°%.8 
NN I end cicnchataiin sasmakaubeuacinnacaeinannibes 18 42.3 
True sidereal time of transit = T................ =1 49 46.5 
Oe See I iasciinestiicsncbankciskncntaksbanenncncibaseacianne 1 50 47.3 
— 69.8 
— 1.7839 
1.1761 
0.0000 
9.7205 
i vasdaxiieuhlicinduiea nica tuicanebidepgahbenakbnace cakeneumat — 2.6805 
No. = correction.... ss ‘=— 7 se” 
EI CN a iaicsvccerecenccsnnnsexcsccrvetvone 269 44 30 
Instrumental azimuth..............cccccec0 269 36 831 
Computed = (ABOVE). ic05...65: 269 35 49 
RRC CURED CPI sinssiccnnscscrsccsesesiorse +0’ 42” 


Similarly the error can be determined from each star and the 
mean adopted. 





ASTRONOMICAL WORK AT GOODSELL OBSERVATORY .* 





H. C. WILSON. 


The research work of this Observatory is at present devoted 
almost exclusively to solar and celestial photography. A few 
micrometric observations of double stars and comets are made 
with the 16-inch refractor on nights unsuitable for photography. 
Daily photographs of the Sun have been taken whenever possible 
since 1889. The approximate measures of the photographs 
taken from 1889 to 1893 were published last summer in Publica- 
tion No. 3 of Goodsell Observatory. There are on hand some- 
thing like 1200 solar photographs taken since 1893 which have 
not been measured because of the lack of the necessary funds for 
assistance, the time of the two professors being fully occupied 
with their duties in the instruction of college classes and the 
work of editing PopuLar AsTRONOMY. So far as my strength 
would permit, I have given the time on the moonless clear nights 
to long exposure photographs with the 8-inch Clark refractor, 
the 6-inch Brashear star camera and the 24-inch Darlot camera. 
These three instruments are on the same mounting and are 


* From a report made to the Secretary of the Astronomical Society of the 
Pacific. 
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guided by means of a 5-inch telescope fastened rigidly to the 
8-inch and of the same focal length with it. Most of the photo- 
graphs have been of 4 or 8 hours exposure, the latter requiring 
two nights. The most successful one of the Andromeda nebula 
received 12 hours exposure, requiring four nights’ work. The 
longest attempted exposure with the 8-inch was one of 17 hours 
on the Pleiades, which failed because of imperfect backing of the 
plate, but the details shown on parts of the plate showed that 
the limit of useful exposure with this instrument had by no 
means been reached. With the smaller instruments the exposure 
has seldom been prolonged beyond 8 hours, and that with the 
24-inch lens was usually stopped with one night, its construction 
being such that there was danger of shifting the plate on insert- 
ing the slide. A number of the photographs taken with the 
cameras indicate the existence of large regions of very faint nebu- 
losity, those covering large portions of the constellations Orion, 
Taurus and Scorpio being the most notable. They are so faint 
that very careful development is required to bring them out upon 
the plates, and prints can be made only from intensified copies. 
They require, too, the most transparent atmosphere. 

During the past six months our time for research work has been 
devoted wholly to the measurement and reduction of the photo- 
graphs of Eros taken during the parallax campaign of the winter 
1900-01. By the aid of a grant of $300 from the Gould Fund and 
the loan of the Repsold measuring machine belonging to the Uni- 
versity of Minnesota, we were enabled during the summer to 
measure 66 out of the 74 Eros plates, the others being too defec- 
tive for measurement. The number of comparison stars, of the 
list published in Circulars Nos. 8 and 9 of the ‘conférence astro- 
photographique internationale,” found uponeach plate within the 
range of good definition, varied from 5 to 10. Both coérdinates 
were measured in two opposite positions of the plate. Six plates 
taken during the week Noy. 7-15 were measured a second time, 
with a list of comparison stars furnished by Mr. Arthur N. Hinks 
of the Cambridge Observatory, England. For these plates the 
comparison stars numbered 12 to 14 each. These measures are 
to be used by Mr. Hinks in a special determination of the paral- 
lax from the measures at many observaturies during that one 
week. 

The work of reduction goes on very slowly in connection with 
our regular duties, but the measures of 10 plates have already 
been reduced provisionally. These ten are rather poorerthan the 
average, but the results obtained show that they were worth 
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measuring. The probable error of the measurement of a single 
image of a star on one plate comes out about 0”.20 and from the 
mean of 4 or 5 images about 0.12, while the probable error of 
the center of the plate from all the stars is usually below 0”.10. 
The declinations as a rule come out better than the right ascen- 
sions, the residuals being only from half to two-thirds as great 
in the former as in the latter. This difference is probably due to 
the slight elongation of the images in consequence of the imper- 
fect driving of the clock. On the best plates the images are per- 
fectly round over two-thirds of the diameter of the field, 7. e., over 
a circle with a radius of 40’. The probable error of a single 
measure on these is about 0”.11 and that of the center of the 
plate from all the comparison stars is from 0”.04 to 0”.07. 


MISSING ASTEROIDS. 


EDWARD C. PICKERING 


Ot the five hundred asteroids so far discovered, sixty-eight have 
not been seen during the last five years, while the last observa- 
tion of twenty-five of them was from ten to thirty-five years ago. 
Evidently there is great danger that many of them will be lost, 
and then it will be impossible to decide when one is observed 
whether it is new or not. A discovery like that of Eros might 
thus remain unknown, the observer supposing that the object 
was an asteroid already found. Finding missing asteroids is evi- 
dently much more important than discovering new ones, since 
the former diminishes, the latter increases, the burden now upon 
astronomers of computing orbits for all. A list was accordingly 
prepared of the asteroids brighter than the magnitude 11.0, and 
which have not been seen for five years. The computed time of 
opposition of (21) Lutetia was January 13, 

‘ 


1903, magnitude 
10.8. This asteroid was last seen in 189 


The Opposition of 
(22) Kalliope was January 17, 1903, magnitude 9.6, last seen in 
1896. Photographs were 


accordingly taken, with the results 
given in Table VIII. 


The number and name of the asteroid, the 


MissinG ASTEROIDS 


Name. YY. M.D G. M. T EX I A. 15S IS55 ¢ O ( O 
h m m I ° 1 

(21) Lutetia..... 1903 1 21 13 43 20 7 25.2 4 40 0.2 | 
“ “ i 6. 7 22 @ 25.1 24 40 0.2 4 
“ " ” 22 13 20 20 7 24.1 24 41 0.2 2 
(22) Kalliope...1903 1 21 14 3 20 7 44.4 37 40 24 1 
ue ‘ag a% ee 16 56 22 7 44.3 37 40 2.4 1 
“ “ “ 29 15 27 20 7 432 7 43 2. VU 
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date of the plate, the Greenwich Mean Time, the length of ex- 
posure, and the approximate right ascension and declination for 
1855, are given in the first six columns. The epoch 1855 is used, 
since the positions were determined by the configuration of the 
adjacent Durchmusterung stars. A greater degree of accuracy 
was not needed for the present purpose, since the ephemeris gives 
approximate positions only. If desired, positions of the degree 
of accuracy of meridian circle measures, could be obtained from 
these photographs. The last two columns give the differences 
found by subtracting the observed positions from those given by 
the ephemeris. They therefore indicate the errors of the latter. 

In the case of Kalliope, the error is large enough to render the 
detection of the object difficult, except by photography. 

From Harvard College Observatory Circular No. 69. 

January 26, 1903. 





CURRENT ASTRONOMY AND ITS PUBLICATION. 





W. W. PAYNE. 





It is our wish for the future to bring this publication more 
closely in touch with what is going on in the field of practical as- 
tronomy as generally as we can, in view of our limited space, 
and infrequent times of publication. To this end we hope to 
have the support of all observatories at home and abroad, that 
have any interest in the popular and semi-popular phases of as- 
tronomical work recently completed or that may be in progress. 
It is a note-worthy fact that very much interesting astronomical 
information has found its way into the magazine prints, in recent 
years, that would do credit to any scientific journal, even if it be 
generally of a technical character. This is because of the scien- 
tific value of the papers that have been thus prepared for pop- 
ular reading. There was a time and that not long ago, when 
scientists of ability would not write popular articles for popular 
magazines because it would harm their reputation as scientists. 
This we know to be true, in some instances at least, because such 
an excuse has been offered under circumstances that were too 
plain to question. Happily that time has gone by, and the best 
scholars now write for popular magazines, and they easily find 
plain and clever ways to avoid the technical language of science, 
and put their reasoning and illustrations in such a language that 
any intelligent reader may comprehend the meaning of the most 
difficult work that is in progress in any way, anywhere. 
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The great leverage of this important change has been the de- 
mands of first rate magazines themselves. Such periodicals will 
have the best material that the best writers can furnish if their 
managers know who such writers are and where to find them; 
for they will pay well for the preparation of such matter as to be 
suited to the general reader. 

While money does not always settle this question, it is true 
that it has had a mighty influence in this direction in the recent 
past, and it is likely to have even a greater influence in the future. 

This publication has always stood for, and worked hard to 
bring about, just this state of things from the beginning. But 
unfortunately its manager did not have plenty of money to buy 
articles, and so cast a monthly contents that would bristle with 
well-known writers’ names to make its pages very attractive and 
of high scientific value. 

Notwithstanding such a drawback we have many friends who 
have known the nature and risk of such an undertaking as ours 
and they have nobly aided us for the twenty years past, and 
thus made the work possible and successful in the measure that 
readers know; for not a few of our staunch supporters have 
continued their aid from the first uninterruptedly through 
this long interval. 

It has been true that some of the numbers of this publication 
have fallen below the standard usually maintained, and on account 
of which our readers have expressed disappointment, but rarely 
dissatisfaction. We believe the way is open to correct this in the 
future, and if we can have reasonably general support the results 
will be certain and largely satistactory. We have sent requests 
to all leading observatories for current news, and very brief 
notices of the work going on in each will be promptly reported 
atter the same is forwarded. 

Of the interesting things claiming attention at the great ob- 
servatories in the United States, the following is a briet outline: 

The Observatory of Harvard College is carrying on work in 
various lines. Some of the more important are the following:— 
Three new and unique ways by the aid of the Henry Draper 
Memorial: The first the use of a large objective prism and doub- 
let instead of the slit spectroscope and single lens. By this means 
the spectra of a large number of stars may be taken at once, in- 
stead of that of a single star by the other method. Already 
every portion of the sky has been covered in this way by the 8. 
inch Draper telescope for northern stars, and the Bache telescope 
and 8-inch doublet of similar construction for the southern stars. 











184 Current Astronomy and Its Publication. 





The study of all these plates gives employment to a number of 
trained assistants whose work is proving very valuable to as- 
tronomy. 

Second, by use of a large prism in front of the objective of the 
11-inch Draper telescope stellar spectra 6 inches long and show- 
ing several hundred lines have been obtained. 

From these spectra came the wonderful discoveries of the so- 
called spectroscopic binaries, of stars having the hydrogen lines 
bright and variable, and of a new series of hydrogen lines. 

The third field of work is the most important of all. It con- 
sists in photographing repeatedly all portions of the northern 
and southern skies by 8-inch instruments, so that it has been 
possible to make maps of the entire heavens, showing all the 
brighter stars night after night. This furnishes a complete his- 
tory of the heavens, every year since 1890, and a partial his- 
tory since 1886. By means of these photographic plates it is 
possible, when any new object is discovered to trace its motion 
or changes in brightness during this period, which is of great ad- 
vantage in furnishing important data promptly for those who 
wish to study such new objects. 

Another branch of the Harvard College Observatory work is 
carried forward at the station in Arequipa, Peru, where the 
Bruce photographic telescope is located. In the last report of 
work done at this place 6,174 plates had been taken with this 
instrument, 438 of which were taken by Dr. DeLisle Stewart 
during the last year. The plan of work at that place and with 
that large instrument was to chart the sky. The plates cov- 
ered regions of 5° square, and the star images in the centers of 
the plates are good even when the exposures last four or five 
hours. As might be expected a large number of trails of aster- 
oids are found on these plates, some of which are probably new. 
The path of one of these has greater eecentricity than that of 
any other known asteroid. Dr. Stewart has named this new 
asteroid Ocllo, after the Peruvian goddess who with her brother 
Manco was supposed by the Incas to have descended from the 
Sun. 

Very much more could be said about the work of this leading 
Observatory in the United States, and more ought to be given to 
do it justice, but our present purpose is to give only the more im- 
portant lines of research. 

The Yerkes Observatory at Williams Bay, Lake Geneva, Wis- 
consin, is rapidly growing into one of the strong observatories 
of the United States. Professor George E. Hale is Director, and he 
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has been fortunate in securing an able staff of astronomers who 
have taken up special lines of research, and they are bring- 
ing out rapidly results that are very creditable for every astron- 
omer there, and for the Observatory as a working institution. 
Professor E. E. Barnard has an enviable reputation for micro- 
metrical work and celestial photography, and he has been some 
time busy in completing a publication that will soon be in print, 
if it is not already quite finished. We expect much from this 
torth-coming new publication. 

Professor S. W. Burnham has given up his position in the 
United States Court at Chicago, with the intention of devoting 
his time and energy to work at the Observatory. For years 
double-star astronomy has furnished him a field for industrious 
and pains-taking work unequalled in the world, in extent and 
and quality. This is saving much, but it is said advisably. We 
hope his health and strength may be given him for vears of labor 
yet to come. The double-star field needs him as a guide for a 
great number of younger observers who have been helped and 
stimulated by his example and his world-wide reputation. 

In our last issue we gave a list of the important papers pre- 
sented at the Washington meeting of the American Association 
for the Advancement of Science, and the athliated meeting of the 
Astronomical and Astrophysical Society of America. In that list 
of astronomical themes, the names of Frost, Ritchie, Ellerman 
and Parkhurst occur often, and the titles of their papers indicate 
the kind, variety and something of the extent of work simultan- 
eously going on at the Yerkes Observatory. As we very well 
know, it is no small matter to build an Observatory, equip it 
with astronomical instruments, plan and carry on investigation 
using the whole outfit to the best advantage, to meet just expec- 
tation for so large an outlay of money. Professor Hale has done 
all this on a large scale, and he has been surprisingly successful in 
the few first years of the history of Yerkes Observatory. 

The Lick Observatory of Mount Hamilton, California, was 
erected as the first mountain Observatory in the United States. 
Mr. James Lick gave $700,000 in 1874 “to provide a telescope 
larger than any yet made,” and it was provided in the deed that 
a suitable Observatory should be connected therewith. From 
that time the work went forward as rapidly as possible, consid- 
ering the nature of the undertaking and the many new problems 
to be solved in the gigantic task of building a great Observatory 
on the top of a mountain, 4209 feet above the level of the sea, 
and without any good road to reach the top of it. That im- 
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portant feature, however, was cared for by Santa Clara County, 
at whose expense a fine carriage way was constructed for a dis- 
tance of 26 miles in order to reach the summit of the mountain, 
which was only 13 miles in air line from San José. The cost of 
this winding and easy-grade road was $78,000. It goes through 
one of the most beautiful and picturesque pieces of mountain 
and valley scenery that a traveller will meet in his journeys al- 
most anywhere. 

Much could be said of the interesting experiences through 
which the builders of the Lick Observatory passed in hauling the 
materials up the mountain side, about planning and procuring 
the fine instrumental equipment, the choice of the astronomers to 
begin the astronomical work at so great an elevation, and the 
splendid chance for observation during the summer months 
which every year affords. Much credit for the auspicious begin- 
ning of the new and great mountain Observatory is due to the 
ability of its first director, Professor E. S. Holden, who was 
chiefly responsible for adapting the new plant to the scientific 
purpose for which it was created. It would seem from the ex- 
perience of years that he built better than almost anyone could 
know beforehand, in a field so new and untried by experience. 
In the old world observations had been made at considerable 
altitude with small instruments, but who could certainly say 
how the largest telescope in the world would work on a moun- 
top, nearly a mile above sea level? 

It was at this place that Professor E. E. Barnard made his re- 
markable discovery of the 5th Satellite of Jupiter and obtained 
that series of wonderful photographs that show star clouds of 
impenetrable depth, and those vast fields of outlying nebulous 
masses that surround the Pleiades and other stellar regions that 
have attracted so much attention and favorable comment for 
years past. Rarely has better work of this kind been done any- 
where. It was here that Burnham did much of the best work on 
his double star catalogues and Keeler used the spectroscope so 
efficiently. 

Later Professor Campbell took up the work of the lamented 
Keeler who left it all too soon to satisfy the large expectations 
in the minds of all who knew him. In the hands of the new 
Director of Lick Observatory the work has gone on well, and 
without even the appearance of a noticeable break. 

Some of the recent phases of the astronomical work at Mount 
Hamilton are its publications, its aid to the astronomical Society 
of the Pacific and its expeditions. 
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Professor Aitken has lately published a piece of splendid work 
in the field of double star astronomy, of which full and critical 
notice has been given in a previous number of this publication. 
Professor Hussey is efficient in routine work and particularly with 
the Meridian Circle. For astronomy in general, one of the most 
useful things that has been undertaken laterly is the publication 
of quarto bulletins as often as is needful for prompt information 
about particular pieces of work done at Lick as soon as they are 
completed. The number of such bulletins has now reached 28. 

The important thing that now claims the attention of the staff 
at this Observatory is the D. O. Mills expedition to the Southern 
Hemisphere. The purpose of this expedition is to obtain further 
data for determining the point in the sky toward which the Sun 
and our solar system are moving throughspace. In other words 
to find definitely the ‘‘apex of the Sun’s way,” as astronomers 
Say it. 

The instrument constructed for the leading part of the work of 
this expedition is a 37-inch Mills reflecting telescope and spectro- 
graph. It is made in Cassegrain form; the parabolic mirror is of 
silver-on-glass, 5% inches thick and is mounted at the lower end 
of the tube. The polished surface of the mirror is 36% inches in 
diameter and is perforated at the center with a hole 5 inches in 
diameter. The rays of lightfrom astar would be focused 171% feet 
from the mirror, but they are intercepted by a hyperbolic convex 
mirror 9%% inches in diameter, 41 feet inside the focus, near the 
upper end of the tube, so as to reflect them back through the 
hole of the mirror, and to focus them about 12 inches behind the 
lower end of the telescope tube. This is the point where the slit 
of the powerful spectrograph will be placed. 

From this brief description it is seen that this large reflecting 
telescope will be used nearly in the same way as the ordinary re- 
fracting instrument. The observer will have all parts of control 
within easy reach and will be able with minimum assistance to 
operate it for the most delicate work of which it is capahle. 

A few words more about the object of this expedition must 
conclude, for the present, our brief notice of it. 

Readers in the history of astronomy will remember that more 
than one hundred years ago Sir William Herschel thought, on 
account of his knowledge of the proper motions of the stars, 
that theSun and all the planets with it were moving ina straight 
line towards the constellation of Hercules. This wonderful con- 
clusion has been spoken of by modern astronomers as ‘one of 
the shrewd guesses for which Herschel was justly famous.”’ This 
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was mainly so because he had really so few data from which to 
derive such a stupendous result. Since that time astronomers 
have been at work trying to measure the distances of some of 
the stars and the velocities with which they move in line of sight 
and in direction at right angles to it, so that information con- 
cerning the correctness of Herschel’s guess has been much im- 
proved, and it all tends to show that he was not far wrong in 
this early conclusion; still, later solutions are not entirely satis- 
factory, for there is an outstanding uncertainty regarding the 
point toward which our solar system is moving of at least 10 
or 15 

The real speed of the system in space is still more uncertain. 
This point in the problem Professor Campbell will be able to 
study, we hope, under very favorable conditions with the new in- 
struments in southern latitude. His experience in this work will 
be valuable, for it is probably generally known that he has meas- 
ured the velocities of some 400 of the brighter stars in the past 
six years, with the Mills spectrograph attached to the 36-inch 
equatorial at Mount Hamilton. These stars are scattered quite 
uniformly between the North Pole and 30° south declination. 
Deductions from the work so far prosecuted seem to indicate that 
the motion of the solar system through space is at the rate of 
about 121% miles per second, and toward a point approximately 
in the southern boundary of the constellation of the Lyre. While 
the expedition is in the southern hemisphere, the stars from 30 
south declination to the south pole will be studied which will 
give a more complete survey of the sky securing additional data 
desired tor more definite results. 

This important work will be followed with interest. 





A FEW REMARKS ON PROFESSOR HOUGH’S ARTICLE ON 
JUPITER. 


A. STANLEY WILLIAMS. 


FOR POPULAR ASTRONOMY. 

The article on Jupiter in the February number of Popular 
AstTRONOMY by Professor G. W. Hough will no doubt have been 
read by everyone with the greatest interest. Embodying as it 
does the conclusions of so experienced an observer, it must neces- 
sarily form a most important contribution to the literature of 
the “Giant Planet.’’ Nevertheless there are several statements 
made in this important paper which have, I must confess, filled 
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me with a certain amount of astonishment. Coming as they do 
from so eminent an astronomer as Professor Hough, these seem 
to require an immediate reply, as otherwise they may acquire a 
fictitious and misleading importance. It will be necessary here, 
however, to confine myself strictly to two questions only. 

The first of these has reference to the relative accuracy of 
longitudes determined by eve estimates of the times when spots 
are in mid-transit across the planet’s disc, as compared with 
those resulting from micrometer measures of the same spots re- 
ferred to the preceding and following limbs of the planet. This 
question was discussed very fully by Professor Hough from his 
point of view in a paper published in Astronomy and Astro- 
Physics, Vol. 11, p. 193, and the following remarks should be consid- 
ered in connection with this paper. Professor Hough seems to 
put very little value upon the method of transits, apparently re- 
garding the results obtained by it as being little more than 
‘guessing,’ and as holding much the same relation to microme- 
ter work as estimations of the position angles and distances of 
the components of double stars do to direct micrometrical meas- 
ures. Now in the first place it is admitted that the micrometer 
measures of spots on Jupiter have only half the degree of accu- 
racy that they possess in the case of double star measures. This 
would seem to detract at once from the alleged great superiority of 
the micrometrical work, or else it would be necessary to consider 
the method of transits as having only half the accuracy of eye 
estimates of position angles and distances; and the less said 
about the accuracy of these the better. 

But from a careful consideration of his two papers, it seems to 
me that Professor Hough cannot have clearly understood what 
is involved in the method of transits, otherwise he would not 
have made such sweeping assertions. What is involved will ap- 
pear, I think, from the following considerations. An object near 
the equator of Jupiter when near mid-transit will undergo a dis- 
placement of 0.2 seeonds of are in a minute of time. But in the 
method of transits this displacement does not have to be directly 
observed. The planet is constantly rotating, and what hapnens 
is that every minute 0”.2 is taken off one short distance (the dis- 
tance between the spot and the preceding limb). and added to 
another short distance (that between the spot and the following 
limb). What this really means will be more apparent by taking 
an extreme supposititious case. Suppose two double stars close 
together in the same field of view, the components being all of 
the same brightness, and each pair being separate by 1.0. Then 











190 Remarks on Professor Hough's Article on Jupiter. 








after the lapse of a minute imagine 0.2 taken from one pair and 
added to the other. We shall then have two similar double 
stars, one pair being separated by 1”.2 and the other by 0”.8. 
After the lapse of another minute suppose a similar increment 
and decrement. One pair will now be separated by 1’’.4 and the 
other by 0’.6. Now I have no hesitation in saying that even the 
most inexperienced observer would recognize the difference be- 
tween the two pairs after the lapse of the second minute; and 
that an experienced double star observer would detect a differ- 
ence long before the expiration of the first minute. The same 
principle applies exactly to the observation of the transits of 
spots on Jupiter, the only difference being that the distance cor- 
responding to that of our supposititious stars is greater, say 20”. 
But the change in the case of a definite spot near the planet’s 
equator is so apparent, that under favorable circumstances it is 
almost possible to see the change proceeding, and the lapse of 
even a minute is sufficient to produce a marked difference. A con- 
sideration of the foregoing will, I think, lead to the conclusion 
that the observation of longitudes on Jupiter by the method of 
transits is not quite the same thing as guessing, and can have no 
analogy to the estimation of position angles and distances of 
double stars. 

But the proof of the pudding is in the eating, as an old saying 
goes, and the only conclusive way of estimating the relative de- 
gree of accuracy of the two methods is to compare the results 
obtained by them. Now Professor E. E. Barnard has shown 
(see Publications A. S. P., Vol. I, p. 91, and Monthly Notices, 
Vol. LI, p. 11) that his observations of the Red spot, made by 
the method of transits, are equal in point of accuracy to the best 
micrometrical measures. These observations, although exceed- 
ingly good, do not stand alone. There are several other observ- 
ers, who use this method, capable of obtaining results little if at 
all inferior*. Then, and this is significant, | cannot recall a single 
material result or fact revealed by the micrometrical method, 
bearing in mind that we are only considering longitude work, 
that has not been independently and equally well demonstrated 
by the method of transits. 


* In order to give an idea of the writer's errors of observation, it may be 
stated here that from 9 observations published in the Monthly Notices, Vol. LIX, 
p. 29, the probable error of a single observation or transit is + 0.89; and from 
10 observations of a spot on p. 30, it is + 2".15. The first of these differs little 
from the probable error of Professor Hough’s micrometer measures. These two 
results were selected haphazzard, and because they happened to relate to the 
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There are, it is well known, a good many transit observations 
on record that were made by bad or inexperienced observers, and 
it is no doubt easy to pick out individual instances of large dis- 
cordances. The very easiness of the method of transits tempts 
inexperienced observers to observe such transits. This was spe- 
cially the case in 1879-80, when the red spot attracted so much 
attention, and when practically all observers were inexperienced. 
There are also of course unfortunate observers who could not 
obtain accurate results with any amount of practice. But it 
hardly seems fair to adduce such discordances as proof of the in- 
accuracy of the method. If a dozen, say, of the students of 
Carleton College were suddenly told off, without any previous 
practice, to measure micrometrically the positions of some spots 
on Jupiter with the Dearborn refractor, it would be sate to as- 
sume that the results would not be too accordant. Yet some of 
the published longitudes by the method of transits were made by 
observers quite as inexperienced. For the reason mentioned 
above, the easiness of the method, an observer is tempted to 
record transits on nights when definition is so bad that he cer- 
tainly would not attempt micrometer measures. Hence we 
should expect a relatively greater number of large discordances, 
but this cannot well be brought forward to minimize the accu- 
racy attainable by the method, and even rough positions are 
frequently useful for the purpose of identifying spots. 

Also the existence of personal equation in observing the tran- 
sits can hardly be held to be an objection peculiar to this method, 
since it is only important when comparing the observations of 
one observer with those of another, and moreover it is not 
proved that the micrometrical method is not affected by personal 
equation; or rather it is probable that this would affect the 
measures. For the phase limb has a different appearance to the 
other limb, and it hardly seems likely that two observers would 
measure a spot (itself usually irregular in shape and density) 
from it and from the other limb exactly in the same manner. 
Unfortunately we have no means of testing this at present, since 
south temperate current referred to later on, and it would not be difficult to ad- 
duce examples equal to or even better than the first one. This relates to the well 
defined and abrupt end of an incomplete belt. The second example refers toa 
small spot which underwent large changes both in size and shape in the course of 
the observations, so that it is not a suitable example of the degree of accuracy 
attainable, since these changes must pretty certainly have increased the errors of 
observation. Still even taking these two examples as they stand, they indicate 
a degree of accuracy far greater than Professor Hough is disposed to attribute to 
transit observations. 
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Professor Hough is apparently the only observer who has em- 
ployed the micrometrical method. 

Further it is actually claimed that there is a saving in time by 
using the micrometrical method. This might be so in the case of 
a desultory observer, since he might have to wait half an hour or 
more before he could observe a desired transit, but it would not 
be the case with the systematic observer of Jupiter. By syste- 
matic observer is meant an observer who watches the planet 
without intermission from soon after it rises until shortly before 
it sets, night by night and every night, except, of course, when 
daylight or cloud prevent observation. The spots of Jupiter are 
so numerous that a systematic observer has all his time occupied 
in recording their transits, etc., and there is little time wasted 
in waiting for spots to transit. Then the large amount of time 
required in the subsequent reduction of the measures must not be 
forgotten in this connection.* 

The conclusion that I have come to, and my experience goes 
back even farther than Professor Hough’s, since I began observ- 
ing Jupiter in 1877, and have continued to do so without inter- 
mission ever since, is that whilst in point of absolute accuracy 
longitudes based on micrometer measures have a distinct advan- 
tage over those derived from transits, vet this advantage is not 
great, and is generally masked or rendered of no practical bene- 
fit from various causes. For example, if the spot observed is ir- 
regular either in shape or intensity, as is in fact generally the 
case, probably no two observers, or even the same observer on 
different nights, would either observe or measure it exactly in the 
same manner. Whilst changes in appearance, position or rate of 
motion, such as happen to nearly all spots, have a_ prejudicial 
effect on the apparent accuracy of longitudes derived by either 
method, so much so as to reduce the one method for most practi- 
cal purposes to the level of the other. This conclusion is based 
on a pretty extensive comparison of the results obtained by both 
methods, and it only applies to longitude work.} For latitude 
work the micrometer is essential. 


* During a single opposition of Jupiter Capt. P. B. Molesworth in Ceylon 
with a 12% inch reflector observed no less than 6758 transits of spots. I[ doubt 
very much whether the most skillful worker with the micrometer could equal this 
record. 

+ Since 1878 the writer has observed over 10,000 transits of spots on Jupiter 
besides making numerous micrometer measures for latitude, so that it cannot be 
due to want of experience if he is not able to guage accurately the capabilities 
and limitations of the method of transits. 
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The second question is one which affects me more personally, 
since certain conclusions which I had come to with respect to the 
existence of constant surface* currents at different latitudes on 
Jupiter are disputed. It is difficult to understand how at this 
time objection can be made, since the existence of these currents 
is now, I venture to think, simply a matter of fact, and nota 
speculation at all. It is a fact which has been proved over and 
over again by the observations of most of the leading observers 
of Jupiter; and in my own papers on the subject I have included 
many of Professor Hough’s own results, and they are for the 
most part in excellent agreement with those of other observers, 
and themselves point to the existence of these currents. It will 
be sufficient in order to show the strength of my position, and, I 
venture to think, to absolutely prove the truth of my conclusions, 
to state here some of the evidence relating to one of the currents. 
The one chosen for this purpose is the one that I have termed the 
South Equatorial Current; and it occupies the zone extending 
from the south edge of the great South Equatorial belt to a 
short distance south of the South Temperate belt (the dark belt 
nearly in the latitude of the south edge of the Red spot). The 
following table is taken from the Monthly Notices, Vol. LIX, p. 
31; but subsequent results have been added so as to bring it up 
to date: 


No. of Spots 


Date. Rotation Period. or Rotations. Authority. 
h m s 
1787 9 55 17.6 2501 Schroeter 
1862 ye 128: Schmidt 
1872-3 0 0C0Ct—~CS O. Lohse 
1880 16.2 aa sarnard 
1880-1 17.9 mae Denning 
i 19.1 alia Barnard 
1881 20.7 2s Hough 
i 18.38 152r Williams 
1884 (43.6) 2s Hough 
1887 18 55d Terby 
5 Li. 3s Williams 
1888 (O8.2) 169r a 
1889 16.7 263r 
= 19.0 3261 
1890-1 18.3 1296r Denning 
1891 20.0 2s Hough 
8 18.2 531 Denning 
1898 20.5 is 
Te 14.0 2s vy 
sa 19.4 6s Poillips 
- 9 55 25.6 3s i 


* The word “‘surface”’ is used in the sense in which we speak of the surface 
markings of the Sun and planets, and is not intended to imply that the currents 
may not be situated at very different altitudes. The word is meant to signify 
the apparent or visible surface. 
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No. of Spots 


Date. Rotation Period. or Rotations. Authority. 
h m s 
1898 9 55 19.3 15s Phillips 
= 20.7 4s _ 
1899 18.6 3s Denning 
33 15.87 5s Molesworth 
ee 16.01 15s = 
1900 17.22 24s = 
2 16.54 22s ix 
1901 18.5 186d Denning 
14.6 70d Comas Sola 
1902 9 55 18.7 7s Denning 


In the third column of the above table a number followed by 
the letter r means that the determination is derived from a single 
spot, the number signifying the number of rotations covered by 
the observations; a number followed by d indicates the number 
of days during which the (single) spot was observed; a number 
followed by s indicates that the determination is based upon the 
number of spots stated. Thus, 7s means that the value in 
column 2 is the mean rotation period of 7 spots in different 
longitudes. It may be stated generally that a result based upon 
several spots is very much more reliable than one resting only on 
a single spot; and that a single spot is more likely to give a re- 
liable result the longer it is observed. Where two results are 
given by the same observer in the same year, they refer to spots 
in different latitudes within the South Temperate Current as 
above defined. A few published results, in which the spots were 
only observed for a short time, or the observations are few in 
number, have not been included in the table. Two or three of 
Hough’s own results in which the period is only given to a whole 
second have also not been included, as, presumably, these were 
not considered as very exact; and the value he gives for one spot 
observed in 1891 (Rot. Per. 9" 55" 035) was not used in form- 
ing the mean result attributed to this observer in that year, as it 
is based only on three observations, and moreover the spot in 
question was not suited for accurate observation from its great 
length and the dissimilarity in the appearance of its two ends. 
A large amount of unpublished material, all confirmatory of the 
average value indicated by the table, has also not been made use 
of. 

The foregoing table speaks, I think, for itself. The rotation 
period of the Red spot, taken as the standard of comparison, may 
be put at 9" 55™ 40°; and it will be seen that practically all the 
results agree in indicating a rotation period about 22 seconds 
shorter than that of the Red spot. The only important excep- 
tions are two innumber. The first is that of 1888, which shows 
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an abnormally short period. As this, however, does not go 
against the existence of the current or drift, but merely indicates 
an unusual rapidity of such drift, it need not be further considered 
here. The other discordant result is that for 1884. I do not 
know if or where the observations on which this result depends 
have been published,* so that I have not been able to refer to 
them, but the spots, from the latitude ascribed to them, must 
have been situated at the extreme northern boundary of the 
current, and as the result differs so completely from all the others 
it would seem probable that they were outside the current alto- 
gether. Perhaps they were attached to or involved in the 
Southern Equatorial belt? 

Several of the other results require explanatory notes, but this 
communication has already attained to too great length, and 
they are not necessary for our present purpose. It may, how- 
ever, be mentioned that the unusually large value given in the 
table for the last result of 1898 is due to the inclusion of a spot 
partially involved in the South Equatorial belt. The spot must 
consequently have been just at the northern boundary of the 
South Temperate Current, and perhaps affected by the more 
sluggish Red Spot Current. Omitting this spot the mean result 
would be 9" 55" 21°.2. 

The South Temperate Current, as already mentioned, extends 
in latitude from the south edge of the South Equatorial belt to a 
little beyond, or south of, the South Temperate belt. It therefore 
wholly embraces the last named belt, and it is an interesting 
sight, which I have frequently had the pleasure of observing, to 
watch some of the numerous dark spots and brilliant white oval 
spots, so abundant in the locality of this belt, drift slowly past 
just above the Red spot. The current likewise embraces the 
whole of the bright zone lying between the South Temperate 
belt and the South Equatorial belt. As the Red spot is itself more 
or less situated in the same latitude as this bright zone, its pres- 
ence might be adduced as evidence negativing the existence of the 
current. It seems pretty certain, however, that the white ma- 
terial of this zone is diverted northward, when it drifts against 
the Red spot, and flows round the northern side of the latter, and 
in so doing forces northward the dark material of the South 
Equatorial belt, thus producing the well known “hollow.” So 
far then from the presence of the spot proving an objection to the 
existence of the current, it must rather be considered as confirma- 
 * The particulars were taken from the tables in PopuLar AsTRoNomy, Vol. 
VII, p. 64. 
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tory of it. We are also able to understand why the Red spot 
should always appear separated from the South Equatorial belt 
by a narrow, brilliant well defined channel. 

In conclusion, if I have felt it necessary to oppose somewhat 
strongly certain of Professor Hough’s conclusions, may I be 
allowed to again express my appreciation of his important arti- 
cle asa whole. It is a most valuable paper. 

Hove, February 25, 1903. 





LAW OF THE ATMOSPHERIC STRATA. HEIGHT OF THE 
ATMOSPHERE. 





W. E. THOMAS. 


For POPULAR ASTRONOMY. 


The law of the width of the atmospheric strata is indicated 
with precision by two well established laws, formulated with 
reference to other conditions, but each equally applicable to this : 

First. The law of the dilatation of gases. The volume occu- 
pied by a gas is in inverse proportion to the pressure under which 
it exists, if the temperature remains the same or the density is in 
proportion to the pressure. 

Thus, (the center of pressure being the half inches and the 
weight of each stratum being the same, one inch of the barometer) 
if the width of any stratum be given all the rest can be calculated 
therefrom, the inverse relation being 29.5, 28.5, 27.5, ete., so if 
the width of the statum from 30 to 29is known, the rest are 
found by multiplying that number by 29.5 and dividing in turn 
by the others, (the difference of temperature being allowed for). 

Second. The effect of gravity upon the atmospheric strata is 
identical with that upon falling bodies, in that the successive 
effects are 1, 3, 5, etc., from outward, in, so that if the width of 
any stratum be multiplied by its relative density* and divided by 
the odd numbers it will give the width of each, showing their rela- 
tive densities, the operation being practically the same as under 
the foregoing rule. 

* Relative density—the greatest relative density of any particular table of 
heights, is twice the number of barometric divisions, less one. So, if for conven- 
ience by 30 in, the greatest and following numbers will be 59, 57, ete. It will be 
noticed that the densities are equal to the sum of the barometer figures between 
which the stratum lies as 30 + 29 : 29 + 28, ete. 
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Str i Lengths Elevatio 
Pressure. Center Pres. Density. W. Bureau. rheory W. Bureau. rheory 
29.90 
29 831 8$31* 831* 831.00 
v8 57 953 953.86 1784 1784.86 
27 55 989 988.55 2773 2773.41 
26 53 1026 1025.85 3799 3799.26 
25 51 1066 1066.08 £865 4865.34 
24 49 1109 1109.59 5974 5974.93 
23 17 1157 1156.81 7131 7131.74 
22 £5 1208 1208.22 S339 8339.96 
21 1S 1265 1264.42 9604 9604.38 
20 +1 1326 1326.10 10930 10930.48 
19 39 1394 1394.10 1232 12324.58 
18 3¢ 1469 1469.46 13793 13794.04 
ar 35 1554 1553.43 15347 15347.47 
16 33 1648 1647.58 16995 16995.05 
15 31 1754 1753.87 18749 1S748.92 
14 29 L875 1874.82 20524 20623.75 
13 13 27 2014 2013.70 22638 22637.45 
12 12.50 25 2176 2174.80 24814 24812.25 


In the foregoing table the strata widths and consequent eleva- 
tions are given in fractions to show the concurrence of the result- 
ing numbers with those given by the Weather Bureau, the result 
of long observation and careful calculation to the temperature of 
50 

In the following table are given the remaining stata calculated 
by the same rules as the fifth and seventh columns and compara- 
ble for their accuracy with those given by the Weather 
by the rule of density.+ 


Center 
Pressure Pressure. Density Sti 


Bureau, 


11 11.5 23 2364 2 





2 261 
10 10.5 21 2589 29765 
9 9.5 19 2862 32627 
Ss 8.5 17 10S 0825 
7 15 625 9450 
6 13 L182 1363 
<) 11 £9435 $8575 
i LS 9 6041 04616 
3 3.5 7 7767 62383 
2 2.5 5 1OS74 (3257 
1.5 3 18123 91380 
0 0.5 1 94-370 145750 ft. 27.6 miles 


The sixth column, kindly furnished by the Weather Bureau, as heights at 
pressures corresponding to first column, is basis of paper: the fourth column is 
deduced from that 

+ What is meant by, comparal 
stratum whose relative density is ‘ 





is, taking for example, the 
nd width 18128 ft., that to tl 


i . lat to the list of ascer- 
tained widths (fourth column) the rule assigns to certain numbers the relative 
densities 27, 33, 39, 45, 51 and 57, third column being 9, 11, 13,15, 17 and 19 
times greater than 3 and that therefore thos unbers ought to be 1/9,1/11, ete., 
of 18123. And so for the other strata like rules prevail. Take the density 23, 


width 2364 ft. the strata 45 and 47 ought » agree therewith because the avet 
age 46 is twice 23. Or the density 9, width 6041 
width of density 27, width 2013.7 or ought to approxima 
27 and 29 (center 27) width 6063 and so on as the ft 
lead. 


ought to be three times the 


> three strata 25, 





Investigator may 
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To grasp in its full force the relation of the strata to the den- 
sities and the same thing, the centers of pressure, multiply the 
widths as given by the Weather Bureau by its relative density. 
The operation in each case is equivalent to saying: if the width 
of this stratum is so much and its density is so much, what is the 
width of the stratum whose density is one? The resulting num- 
bers all fall within 54321 and 54400 ft., a practical concurrence 
that leaves no room to doubt the correctness ot the principles 
stated. The average is 54372, but as the last four numbers 
average a little greater than from 29.90 to 16, supposedly the 
most exactly ascertained and differing but .05 ft. from an exact 
average, the outer stratum is placed at 54370 ft. as correspond- 
ing most closely to those numbers. 





Strata Strata 
Lengths. Density. Concurrence. Length. Density. Concurrence. 
953 K Gf = 54321 1394 K 39 = 54366 
989 < oo = 54395 1469 37 = 54353 
1026 X 63= 54378 1554 35 = 54396 
1066 . Bi =e 54366 1648 33 = 54384 
1109 KX 49 = 94341 1754 a= 54374 
1157 < 47 = 54379 1875 23 = 54375 
1208 < 45 = 54360 2014 2i = 54378 
1265 KX 43 = 54395 2176 25 = 54400 
2326 X41 = 54366 54370 Adopted average 


When the foregoing was written, it was supposed to be 
a full and final reckoning but the question presently occurred, if 
one said we have the foot measure but only six inches to our foot 
and our measurement of the first inch of pressure includes your 
first two, etc., now will your rule work the same result by our 
measure ? 

It will not. There is a variation following an invariable rule— 
that, adopt whatever standard of pressure measurement, usual 
or artificial, greater or less than the inch, that whatever number 
of spaces more than 30 (to adopt that as a convenient state- 
ment) are used the resulting elevations will apparently be added 
to the height of the atmosphere, and if a less number than 30 be 
used the elevation in the table between that number and 30 will 
be apparently cut out. 

This refers to any system of measurement from the normal 
pressure at sea level to 0; but if we measure from normal to any 
minute part the answer is always the same by any rule whatso- 
ever. The table illustrates this last statement: 


Pressure. Elevation. 
i. 15. 60 120. 100 00 miles 
1/2 % i/2 30 60 50 3.1 miles* 
1/4 7 3/4 15 30 25 oz” 
1/8 15/8 Tif 15 12 1/2 os ™ 
1/16 15/16 3 3/4 71/2 61/4 ime * 
1/32 15/32 15/8 3 3/4 31/8 16.5 “ 
1/64 15/64 15/16 15/8 25/16 186 “* 
1/28 15/128 15/32 15/16 25/32 a4 * 


* The 3.1 miles given as elevation at 15 inches of pressure is apparently the 
natural state average as against 18840 ft. to same pressure but graded to tem- 
perature of 50° F. 
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To show the invariability of the law that distances are inverse 
to pressure: Thecalculationsarecarried to high altitudes to pass 
through both the ascertained and calculated strata* to show 
their oneness, whilst demonstrating the law. The figures of the 
third table,+ half inch barometer measures are used as giving the 
more measures of elevation but the others will answer. 
Elevations at which successive parts of the pressure are lost 
The head of the columns show the fraction used. 





The successive 
elevations are multiplied by 1, 2, 3, etc., as in above statement: 


Pressure. Elevation. Pressure. Elevation. Pressure. Elevation. Pressure. Eleva. 

Ve Gone. 4 Gone. 1/5 Gone. “4 Gone. 

30 30 30 30 

20 11021 22.5 7820 24 6066 10 29862 

13.3 22042 16.9 15640 19.2 12132 3.3 59724 
8.9 33063 12.7 23460 15.4 18198 1.1 S9586 
5.8 44.084. 9.5 31280 12.3 24264 O.4 119448 
3.9 55105 4.2 39100 9.8 30330 


Of course no attempt is made to figure the fractions; I simply 
say, taking the first column to illustrate, at 20 one-third the pres- 
sure is gone and at 13.3 another third is gone and the elevation 
should be twice as great; at 8.9 another third is gone and the 
elevation should be three times the first and so on, noting at the 
time that the required figures fall between the elevations of 13 
and 13% and 8.5 and 9. 

The succeeding table will show how a division of the ordinary 
pressure into fifteen spaces (instead of thirty) as per the forego- 
ing question, gives a result, approximately less by the added 
width of the fifteen excluded spaces: 





Pressure. Center Pressure. Rotation. Elevation, Strata Widths. 
15 
14 14.5 29 1875 1875 
13 13.5 27 3490 2015 
12 12.5 25 6065 2175 
11 11.5 23 8430 2365 
10 10.5 21 11021 2591 
9 9.5 19 13884 2863 
8 3.5 17 17086 3202 
7 7.5 15 20715 3629 
6 6.5 13 24905 4190 
5 5.5 11 29851 4946 
4 4.5 9 35897 6046 
3 3.5 7 43670 7773 
2 2.5 5 54552 10884 
1 1.5 3 72689 18137 
10) 0.5 1 127100 54411 
* Ascertained and calculated strata. Ascertained strata means given by 


competent authority as actually measured and graded to one temperature; calcu- 
lated means the remaining strata calculated by the law which apparently dom- 
inates with exactness, the width of the ascertained strata. 

+ Three principal tables are used and referred to: First, measure of the bar- 
ometer by 30 spaces; second, by 15, and third by 60 spaces. 
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On the other hand, if it were proposed to take the barometer 
by half inch measurements and corresponding elevations, as is 
done in the following table, we achieve an opposite result. In the 
original paper working on a thirty division of the barometer, we 
get a total elevation of the atmosphere of 145,000 ft. In the 
secend table by a fifteen division we attaia 188-40 feet less and by 
a division of sixty we add the same amount to the original figure 
as follows: 











Pres- Center Rela- Eleva- Pres Cente Re Eleva Strata 
sure Pressure. tion. tion sure Pressure. tion yn. Width 
30 30 
29.5 29.75 119 157 457 14.5 14.75 59 19762 922 
29 29.25 zig 922 465 14.0 14.25 57 20716 954 
98.5 28.75 115 1395 173 13.5 13.75 55 21705 9S9 
28.0 8.25 1138 1876 $81 13.0 13.25 93 2273 1026 
27.6 27.75 111 2366 £90 12.5 12.75 51 23797 1066 
27.0 27.20 109 2865 £G9 12.0 12.25 49 24907 1110 
26.5 26.75 107 3373 90S 11.5 11.75 17 26064 1157 
26.0 6.25 105 3891 518 /11.0 11.25 45 27272 1208 
25.5 25.75 103 $419 528 |10.5 10.75 13 28536) 1264 
25.0 25.25 101 £959 538 10.0 10.25 41 1326 
24.5 24.75 99 5506 549 9.5 9.75 39 1394 
24.0 94.95 QT 6066 560 90 9,95 37 1469 
23.5 23.¢5 95 6638 572 8.5 8.75 35 1553 
23.0 23.25 93 f2e0 S85 rf) 8.25 33 1648 
22.5 22.15 91 7820 DOT 7.5 4.40 31 1754 
22.0 22.25 S89 8430 610 7.0 4.29 29 1875 
21.5 21.65 S7 9055 625 6.5 6.75 27 2014 
21.0 21.25 85 9695 640 6.0 6.25 295 2175 
20.5 20.75 83 10350 655 5.5 5.75 23 2364 
200 20.25 Sl 11021 671 5.0 5.25 21 48697 2589 
19.5 19.75 79 11709 6SS 1.5 1.75 19 51550 2862 
19.0 19.25 77 12415 706 L.0 1.25 17 54757 3198 
18.5 18.75 75 13140 725 3.5 3.75 15 SS382 3625 
18.0 18.25 73 13885 745 3.0 3:25 13 62564 4182 
Lt. 17.75 71 14651 T66 2.5 2.75 11 67507 4943 
17.0 it.20 69 15439 788 2.0 ) 9 73548 6041 
16.5 16.75 67 16250 811 1.5 1.45 7 S1315 T7167 
16.0 16.25 65 17086 836 1.0 1.25 5 92189 10874 
15.6 18.75 63 17949 863 0.5 0.75 3 110312 18123 
15.0 15.25 61 18840 S91 0.0 0.25 1 164682 54370 


FINAL Factors oF ATMOSPHERIC HEIGHT. 

By what goes before we see that if the special bodies were ina 
state of rest the atmosphere of each would exte 1d in every direc- 
tion to the limits of equal influence and if there were but one 
body in space, its atmosphere would be co-extensive therewith. 
This for the reasen that the peculiar property of air allows no 
one degree of gravity, as shown by pressure, to hold more than 
its proportionate part and as such gravity would extend 
throughout space, its atmosphere would be there too, as its 
necessary concomitant. If this body should turn on its axis, its 
true atmosphere would be limited within the bounds of centrifu- 
gal force, the factors being the initial force of gravity or pressure, 
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centrifugal force depending upon the rate of revolution and that 
degree of stress or remaining pressure in the upper atmosphere 
which was equalled by centrifugal force. It tollows that the 
quality which would belong to all matter, if in one body, still be- 
longs to it in the various bodies and that air must be ina state 
ot stress throughout space. 

But the motions are the controlling influence that give a limit 
to the atmosphere and prevent its indefinite extention. These 
are of three kinds—its motion on the axis; its motion around its 
central body; its motion forward in space with its central body, 
as the Moon with the Earth. 

These last two motions are probably of less effect on 


atmo- 
spheric height than they are on meteorological conditions within 
it. This is too soon, nor am I the individual to attempt to predi- 
cate these, but one simple tact stands out plain—that bodies with 
great atmospheric height are better protected against these 
effects than are the smaller ones, the Moon tor example, with an 
atmosphere of extreme tenuity, capable of sustaining a barome- 
tric pressure of less than aalf an inch*, in all likelihood. Such an 
atmosphere is very open to every intluence and the intlow of the 
air of space must be constant so that the effect of sunshine must 
be little and constantly lost. In larger bodies these effects are 
warded off, in proportion to their atmospheric densities and less 
seen and fel :. 

The motion of the satellite around its principal and forward 
with it are to some extent one, depending upon the principal. If 





the motion of the central body were as great in its course as the 
satellite in circling it, the effect on the atmosphere of the latter 
would be, at least, the adding of the two effectst the course be- 
ing as roughly sketched. X represents the course of the central 
body, the dot, the satellite. The first dot under the X indicates 
half a revolut on, the second a full revolution, ete. 

In this case the motion of a planet to the Sun would be asa 
point on the tire of a wheel to the axle; if his motion were less 
that the planet’s yearly motion the curve would be more concen- 

* This is a very rough calculation on the following lines: if bodies attract di- 
rectly as to mass and the Moon is 1/80 the mass of the Earth, then its power on 
air as would be shown by barometer is 1/80 30 1 $s of an inch. 


+ It is understood that to try to get at the effects of motion on the atmo- 
sphere I risked this statement and diagram. 
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tric and if his motion were greater it would be more flowing, so 
that, as the planets have different motions and the Sun but one, 
this effect must be different on the different planets. But the 
greatest influence in limiting the actual accompanying atmo- 
sphere of a body must be its daily motion. This nor the others 
can I attempt to calculate, but assume the effect to be within the 
elevation 21.7 miles when but 1/128 of surface density or pres- 
sure remains (25/32 of 1 per cent). 





THE INVISIBILITY OF TRANSPARENT OBJECTS.* 


R. W. WOOD. 





A transparent body, no matter what its shape, disappears 
when immersed in a medium of the same refractive index and 
dispersion. Could a transparent solid substance be found, whose 
refractive index and dispersion were the same as those of air, it 
would be absolutely invisible. We can find a solid, the refrac- 
tive index of which is equal to that of air for light of a certain 
wave-length, but unfortunately it is not a transparent substance. 
If it were, we should have an example of a solid absolutely in- 
visible when illuminated with monochromatic light. The disper- 
sion curves of some of the aniline dyes cross the line of unit re- 
fractive index for certain wavelengths, but the point of crossing 
is in the immediate vicinity of the absorption band. Cases of 
this nature will be discussed more fully under another heading. 

The disappearance of a transparent substance when immersed 
in 4 medium of identical optical properties is usually illustrated 
by dipping a glass rod into Canada balsam, but the disappear- 
ance is not complete, for the dispersion of the glass and the liquid 
are not the same. A better fluid is a solution of chloral hydrate 
in glycerine, which is quite colorless. The glycerine is to be 
heated and the crystals added until the refractive index is of the 
required value. The hot liquid will dissolve a most astonishing 
amount of the chloral, ten or fifteen times its bulk, if I remember 
right, and only a very small amount should be placed in the 
beaker to start with. This solution has almost exactly the 
same dispersion as glass, and finely powdered glass stirred up in 
it becomes perfectly transparent without showing a trace of 
Christiansen’s colors. A glass rod disappears completely when 
dipped into it, and when withdrawn presents a curious aspect, 
for the end appears to melt and run freely in drops. 





* Reprinted in the British Journal of Photography August 29, 1902 from The 
Physical Review. 
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Lord Rayleigh, in his article on optics in the ‘‘Encyclopedia 
Brittanica,” points out that pertectly transparent objects are 
only visible in virtue of non-uniform illumination, and that in 
uniform illumination they would become absolutely invisible. 

A condition approaching uniform illumination might, he says, 
be attained on a top of a monument in a dense fog. I have re- 
cently devised a method by which uniform illumination can be 
very easily obtained and the disappearance of transparent ob- 
jects when illuminated by it illustrated. The method in brief is 
to place the object within a hollow globe, the interior surface of 
which is painted with Balmain’s luminous paint, and view the 
interior through a small hole. 

The apparatus can be made in a few minutes in the following 
manner: A quantity of Canada balsam is boiled down, until a 
drop placed on cold glass solidifies. The Balmain paint, in the 
form of a dry powder, is stirred into the hot balsam until the 
whole has the consistency of thick paint. Two glass evaporat- 
ing dishes of equal size are carefully cleaned and warmed and 
coated on the outside with the hot mixture, which can be flowed 
over the the glass and by the dexterous manipulation of a small 
Bunsen flame made to cover the entire outer surface. I first tried 
painting the inside of a copper sphere with the commercial paint, 
but the surface was unsatisfactory and could not be easily 
cleaned. Probably two perfectly plain hemispherical’ finger- 
bowls could be used instead of the evaporating dishes. As soon 
as the coating has become hard, a small hole is cut through it, 
to enable the interior to be viewed. If the lips of the dishes are 
placed together, the interior can be seen through the small open- 
ing, but in this case the line of junction, which is always more or 
less dark, comes opposite the aperture, which is a disadvantag- 
eous arrangement. 

If the inner surfaces be exposed to bright daylight, Sun, or elec- 
tric light, and the apparatus taken into a dark room, a crystal 
ball or the cut glass stopper of a decanter placed inside, it will be 
found to be quite invisible when viewed through the small aper- 
ture. A uniform blue glow fills the interior of the ball, and only 
the most careful scrutiny reveals the presence of a solid object 
within it. One or two of the side facets of the stopper may ap- 
pear if they happen to reflect or show by refraction any portion 
of the line of junction of the two hemispheres. 
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PLANET NOTES FOR MAY. 


H. C. WILSON. 


Mercury will be visible as evening star in the west, about an hour after sun- 
set, during the first half of May. 


It will be at greatest eastern elongation, 21 


MOZIMOH HiBON 


SOUTH HORIZON 


THE CONSTELLATIONS AT 9 P. M. APRIL 1, 1903. 

31’ from the Sun, on the morning of May 10. Toward the end of the month the 
planet will be near the Sun again, approaching inferior conjunction. 

Venus is now the brightest star in the west in the evening, and during May 

will be in good position for observation, especially in the twilight, just after sun- 


set. Her real brilliancy is increasing very slowly, but her emergence from the 
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brightest part of the twilight sky renders her much more conspicuous than dur- 
ing the past month. The gibbous phase will decrease from 0.786, May 1 
0.675, June 1. 

Mars is now conspicuous in the east, in the constellation Virgo, and during 
May will be best observed in the first half of the night 


to 


The movement of the 
planet among the stars during May will be very small, since the planet is making 
the turn of the loop shown in our diagram in the January number of Popular 
ASTRONOMY, p. 39. 


Jupiter may be seen in the morning hours toward the southeast in the con 
stellation Aquarius. Its position will be much more favorable for observation 





than during last vear. 
Saturn also may be observed in the morning hours, being at quadrature o1 
the morning of April 30. The planet is to be found 


t toward the southeast in the 
constellation Capricorn. 

Uranus is in the foot of Ophiuchus, The Serpent-Bearer, midway between the 
bright stars of Scorpio and Sagittarius, and may be observed with a telescope 
after midnight. 

Neptune has passed its best position for the year and will now be found 
toward the west in the early evening. On May 15 at 2:00 a. m., Central Stan 
dard time, Neptune will be at that time over 3° south from its brilliant neighbor. 


The Moon. 


Phases Rises Sets 





Time at Northfield; 
Local Time 13m less.) 


h ™m h m 
Apr. 19 EMRE CORREUET. sccsiccccvrcns 1 OF A.M 11 10a. mM. 
27 oe en ee o 2a * 7 33P.M 
May 3-4 REE COUMTTCT. ..5.ccesecses 10 53 1 14a. M 
OARS RAG MOO ier scencissnssavicess 6 43 P.M. 5 06 
19 Ft. aeeeree 12 47a.M 11 52 
26 PORE ROM scnsannisisistienscis i 37 ( 31P.M 


Occultations Visible at Washington. 

















IMMERSION EMERSION, 
Date Star's Magni- Washing- Angle W ashing- Angle Dura 
1903 . tude. ton M.T. fm N pt. ton M.T. fm N pt tion 
h m I m h m 
Apr. 15 29 Ophiuchi 6.5 10 47 109 11 57 1 10 
30 130 Tauri §.5 8 42 141 9 2 0 39 
May 1 26Geminorum — 5.0 & 35 59 6 32 0 57 
3 A! Caneri 5.6 G 57 76 8 Ol 1 O4 
3 A?* Caneri 5.8 9 24 155 10 11 O 47 
3 60 Cancri i3 18 100 14 O1 O 48 
7 B.A.C. 4200 i3 i8 78 14 14 O 56 
7 B.A.C. 4225 6.3 15 17 105 16 13 O 56 
14 B.A.C. 6287 6.0 13 30 8 14 22 32 0 52 
14 B.A.C. 6292 1.5 13 58 83 15 32 268 1 34 
17 & Aquarii 6.8 14 49 75 16 19 250 1 30 
19 W.B. XXII, 493 6.2 13. 06 62 14 10 264 1 O04 
29 68 Geminorum 5.0 9 56 95 10 44 289 O 48 
30. B.A.C. 2872 6.8 10 12 61 10 48 330 0 36 
31. h Leonis 5.4 10 45 13 11 OS 353 o 3 


COMET AND ASTEROID NOTES. 
Comet 1903 a.—New elements and ephemeris for March and April are 
given in A. N. 3851 by Mr. Paul Briick of the Observatory of Besancon. 


They 
depend upon observations at Rome Jan. 20 and at Besancon Feb. 3 and 17. 
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ELEMENTS. 


T = 1903 March 16.1106 Paris M. T. 


w= 133° 40’ 36.6 
2= 2 17 25 .2'1903.0 
i= 30 58 64 .2| 

log q = 9.613728 


EPHEMERIS FOR PARIS MIDNIGHT. 


1903. m. A. Decl. log r. 
h m s ° 4 

Mar. 8 0 15 38 +17 19.2 9.6609 
12 22 16 17 20.2 
16 26 32 15 47.0 

20 27 41 11 58.2 9.6309 
24 26 1 + 5 36.1 

28 22 36 — 38 27 9.7152 
Apr. 1 18 35 13 0.4 
5 14 46 23 10.4 
9 a2 82 32 40.4 

13 8 58 41 5.6 9.9099 
17 6 55 48 24.1 
21 & i 54 44.6 
25 3 22 60 18.3 
29 0 O 57 65 15.3 

May 323 57° 9 —69 43.0 0.0737 


According to this the comet on April 1 will be about 80 
when discovered, but will be hidden in the glare of the Sun. 


log A. 


9.9768 
9.9208 
9.8570 
9.7903 
9.7289 
9.6808 
9.6522 
9.6431 
9.6497 
9.6668 
9.6898 
9.7155 
9.7422 
9.7689 
9.7955 


Brightness. 


27 


73 
82 


36 


9 


times as bright as 
In a very few days 


the comet will emerge toward the south and will become visible to dwellers in 


the Southern Hemisphere. 





Comet 1902 b.—-This comet is now very faint and may be seen only with 
the aid of large telescopes. Its course during April will be northeastward into 
the head of Monoceros. The following ephemeris by M. Ebell, of Kiel, is taken 


from A. N. 3847: 


, EPHEMERIS OF COMET 1902 b, FoR BERLIN MIDNIGHT. 


1903. R. A. Decl. logr 
h m s 6 . 
April 2 6 24 26 —0O 41:8 
+ 24 52 —O 17.7 0.3992 
6 25 22 +90 5.0 
8 25 57 0 26.4 0.4088 
10 26 36 O 46.7 
12 27 18 i oe 0.4181 
14 28 4 1 23.8 
16 28 54 1 40.9 0.4272 
18 29 46 1 57.0 
20 30 41 2 12.3 0.4360 
22 31 38 2 26.7 
24 32 38 2 40.3 0.4445 
26 33 40 2 53.1 
28 34 45 3 5.2 0.4528 
30 35 51 3 16.6 
May 2 6 36 59 +3 27.3 0.4609 





log A 


0.3833 
0.4049 
0.4253 
0.4446 
0.4629 
0.4801 
0.4965 


0.5119 


H 


0.15 
0.13 
0.11 
0.10 
0.09 
0.08 
0.07 
0.06 


Elements and Search Ephemeris for Comet 1896 V, (Giaco- 
bini.)—In our January number we omitted this comet from the list of those to 
return this year, on the basis of Professor Hussey’s elements giving a period of 
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9.00 years. Professor Hussey calls our attention to later elements, published by 
him in the Publications of the Astronomical Society of the Pacific, Vol. XII, p- 
200, which give a period of 6.52 years. 

The following elements and search ephemeris computed by M. Ebell, of Kiel, 
Germany, are taken from A. N. 3848. They indicate that the comet will be at 
perihelion about June 22,1903. It will then be about 


75° west, and 10° south, 
from the Sun and so ought to be easily found. 


ELEMENTS. 
Epoch 1896, Oct. 5.5, Berlin M. T. 


M = 356° 39’ 07’.4 
w=140 31 51 -1| p = 533”.805 
QO = 193 29 O04 .0;1900.0 log a = 0.548416 
jm 11 21 47 .7} T = 1896; Oct. 28.079 
@= 36 03 02 .1 Period = 6.647 years. 
EPHEMERIS FOR BERLIN MIDNIGHT. 
1903. R. A. Decl. log r. log A. Brightness. 
h m ~ ° i 
April 3 20 55 Ol — 7 14.2 0.2272 0.2923 0.83 
cf 21 6 16 6 18.1 
11 17 35 & 10.7 0.2168 0.2731 0.95 
15 28 59 4 19.2 
19 40 28 3 16.8 0.2068 0.2544 1.09 
23 21 5&2 2 2 12.6 
aa 22 3 40 1 7.0 0.1975 0.2363 1.23 
May 1 15 21 — > 02 
5 Zi + 1 1.5 0.1889 0.2191 1.39 
9 38 55 2 15.8 
13 22 50 48 3 24.3 0.1814 0.2024 1.55 
17 23 2 43 4 32.7 
21 14 41 5 40.6 0.1749 0.1875 1.72 
25 26 42 6 47.7 
29 38 44 4 83.7 0.1697 0.1733 1.88 
June 2 23 50 47 8 58.1 
6 0 2 50 10 0.6 0.1659 0.1601 2.03 
10 14 52 11 0.7 
14 26 53 11 58.3 0.1636 0.1480 2.17 
18 38 51 12 §&3.1 
22 0 50 47 13 44.6 0.1628 0.1367 2.29 
July 24 2 20 51 18 16.6 0.1749 9.0970 2.60 
‘Aug. 25 3 30 50 18 19.0 0.2068 0.0573 2.70 
Sept. 26 + 4 43 14 123.2 0.2492 0.0177 2.66 
Oct. 28 3 54 51 8 6.5 0.2934 0.0130 2.21 
Nov. 29 3 25 5&8 + 4 5.7 0.3381 0.0907 1.26 


The unit of brightness is that of the comet when it was last seen Jan. 4, 1897. 
At brightest it will be a very faint object. 

An error of 16 days in the date of perihelion corresponds to an error of over 
half an hour in the comet’s right ascension and over 1° in its declination, so that 
the sweeps in search for the comet will need to be extended for some distance on 
each side of the place indicated by the ephemeris. 





Ceres, Pallas, Juno and Vesta.—A correspondent asks about the posi- 
tions of these asteroids. Ceres, Pallas and Vesta passed opposition during the 
winter and are not now in the best position for observation. The following 
ephemeris of Juno is given in the Companion to The Observatory. 


The planet 
will be at opposition May 23. 
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EPHEMERIS OF JUNO. 


ae Decl. Transits. 
h m : 4 h m 
Apr. 22 16 26 —5 $i 14 26 
May 4. 16 19 4 26 13 383i 
16 16 10 3 29 i2 $6 
18 16 O 2 47 11 38 
June 9 15 6&0 —2 22 10 41 


New Asteroids.—The following have bee 


1 added to the list of new planets 
since our last note: 


Designation. Discover. Place. Local M. T. 


R. A. Decl. Mag. 
h m h m . oi 
1903 LH Dugan KGnigstuhl Jan. 31 7 54.1 6 44.6 27 49 12.4 
LJ Wolf Feb, G 16 21.2 1117.5 + 3°65 13.5 
1902 Gr. M. T. 
LK Bailey Arequipa June 30 15 54 19 45.5 —22 14 
Li, Froet _ Aug.21 12 24 19 16.1 —29 04 
LM . Oct. 21 13 02 19 31.8 29 11 
1903 Local M. T, 
LN Dugan Konigstuhl Feb. 17 11 09.2 10 37.1 — 2 40 12 
LO - " Feb.19 9 00.5 9 26.7 8 04 12.5 
LP Wolf sa Feb. 20 12 27.7 11 15.5 1&3 14.5 


1903 LP is perhaps identical with (406), 1895 CB. 


Elements of Asteroids (480), (482), (484), (485) and (486).— 
In A. N. 3846 Mr. J. Bauschinger of the Royal Astronomical Computing Insti- 
tute at Berlin, gives elements of the five minor planets numbered (480), (482), 
(484), (485) and (486): 
Asteroid 1901 GL. 
Computer Bauschinger. 


(480), (482), 1902 HT. 


Neugebauer, 


(484), 1902 HX. 
Berberich. 


Epoch 1901, May 21.5 1902, Mar. 7.0 1902, June9.5 Berlin M. T. 
mite 1? ii"s 278° 19’ 42’°.9 285° 25° 37°.8 
wo =196 39 24 .7 84 20 12 .2 182 26 33 .8 
2 = 237 05 O02 .6$1901.0 180 15 13.1 127 OF 13 .4}1902.0 
i= 21 04 60 .3 14 23 47 .7 12 28 03 9 
$= 2 25 49 ,.4 § 41 O9 .2 o &¢ 36 7 
Bw = 826.814 681.967 809.996 


log a > 0.421728 0.477496 0.427683 


Asteroid (485), 1902 HZ (486), 1902 JB 


Computer Bauschinger. 


Berberich. 





Epoch 1902 June 9.5. 1902 May 28.5. 
M = 122° 46’ 30”.6 17° oO 30" .95 

w= 264 49 50 .3 124 31 &4 8 
S=19S ii 22 .9 94 O02 29 .0'1902.0 
7 25 21 OF 8 11 OS O04 .0 

o= 7 69 O21 .7 o 22 62.8 

w= 787.980 976” .295 


log a = 0.435660 0.373617 

Sunspots.—The weather has been cloudy most of the time during March, 
but on the few occasions when the Sun was visible it was entirely free from spots 
until the 21st, when a quite large spot was seen near the N.E. edge of the solar 
disk. On March 24th this single spot was followed by a group of three smaller 
ones about 15° farther to the east. 


The two groups of spots were surrounded 
by a very large area of facule. 
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VARIABLE STARS. 


Minima of Variable Stars of the Algol Type. 


[Greenwich Mean Time beginning with midnight The hours greater than 12 are 
those of the afternoon. To obtain Eastern Standard time subtract 5 hours; for Central 
Standard subtract 6 hours, etc.] 


U Cephei. R Canis Majoris V Puppis S Antliz. U Coron 
d h a h d h d h d 
Apr. 16 21 Apr. 21 11 May 1 5 May 9 10 Apr. 15 
19 9 22 14 x ao 10 10 18 14 
21 21 23 17 4 3 11 9 22 1 
24 9 24 21 5 14 12 9 25 12 
26. 21 26 O 7 0 13 8 28 22 
29 9 27 3 8 11 14 7 May 2 i) 
Mav 1 20 28 6 9 22 15 7 5 20 
; 4 8 29 10 11 9 16 6 9 7 
6 20 30 13 12 20 17 5 i2 i8 
9 8 May 1 16 14 7 is 5§ 16 5 
11 20 2 19 15 18 19 4 19 16 
14 8 3 23 17 5 20 3 2 2 
16 19 5 2 18 16 a 2 26 13 
~~ F 6 § 20 8 a2 CU 30, O 
21 19 7 8 21 13 23 1 R Ara 
94. 7 8S 12 23 O 24 0 
26 19 9 15 24 11 s ¢ = = 4 
99 7 10 18 25 22 25 23 a 
31 18 11 22 27 «9 26 22 = “4 
a 13 1 28 20 as 622 a 
ZI erect 14 4 30) ~ 98 9] May 3 7 
Apr. 16 2 15 - } 18 299 20 : ‘ 1% 
no : 16 11 S Cancri. 30 20 16 14 
a ys 17 14 : a 31 19 2 
25 6 18 17 Apr. = 21 21 b 
28 Ss ri 8) 9 . Va “1977 25 
Mav 1 ° = = May 7 9] S Velorum. 29 90) 
4 11 29 2 17 S Apr. 21 4 U Ophiuchi 
7 12 23 6 - a *; 68 Apr. 15 19 
10 13 24 9 S Antliz. May 3 . Naas 16 15 
13 15 25 13 Period 7" 46",8 , = 17 11 
16 16 26 16 Apr. 15 3 a. 3 18s 
19 17 27 19 16 2 ~ 19 4 
22 16 28 23 17 1 <6 19 20 0 
6 20 30 2 18 1 5 Libr: 20 20 
ao = 31 5 19 O 7 Lae 21 16 
— Pr Puppis 19 23 Apr. 17 5 22 13 
Algol. Apr. 19 19 23 44 “4 ne . 
: 8 9 26 5 21 22 21 2 2 
- = 6 May 2 16 22 21 24 § 25 1 
24. 3 9 O02 23 21 26 13 25 21 
27 «(UV 15 12 24 20 28 21 26 17 
29 21 21 23 25 19 May 1 5 21 13 
May 2 18 28 69 26 19 3 12 28.9 
- F : 27 18 o 20 29 ) 
Tauri. V Puppis 28 17 8 } 300 
Apr. 17 4 Apr. 16 16 29 17 10 12 30-21 
21 3 a8 8 30 16 12 20 May 1 18 
25 2 19 13 May 1 15 15 } 2 14 
29 1 2 O 2 15 as 22 3 10 
22 3 9 19 6 
R Canis Majoris 23 iM f nd = : 9 
Apr. 16 22 25 9 5 13 24 11 5 22 
18 1 26 20 6 i2 26 19 6 18 
19 4 28 7 1 is 29 3 7 14 
20 «68 29 18 8 13 3 11 8 11 
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U Ophiuchi 


Minima of Variable Stars of the 
RX (X*) Her. 


d 


h 


Z Herculis 


d h d 





Algol Type.—Continued. 
U Sagittae. 


UW (Z*) Cygni. 


h doh 
May 9 7 May 24 2 May 3 21 Apr. 16 13 May 22 1 
10 3 26 «68 4 18 19 22 25 12 
10 23 28 1 5 15 03°77 28 22 
11 19 30 2 6 13 26 16 , ne 
12 15 RS (S*) Sagit- 7 10 30 2 _— 
13 11 a 8 7 May 311 Apr 18 0 
14 7 tarn 9 §£ . 6 20 22 19 
15 4 Apr. 16 18 10 62 10 5 27 15 
16 0 19 5 10 23 13 14 May 2 10 
16 20 21 14 11 21 16 23 =. 
7 WG 24 60 12 18 20 8 12 1 
18 12 26 10 13 15 23 18 16 20 
19 8 28 20 14 13 27 «3 21 16 
20 4 May 1 6 15 10 30 12 26 11 
21 O 3 16 16 7 eee . si 6G 
21 21 6 2 17 5 > (X8) Cygni. gates 

+ ‘9 a Y Cygni. 

22 17 8 12 18 2 Apr. 19 Ii 4 
23 «13 10 22 18 23 25 17 Apr. 16 2 
24 9 13 8 19 21 May 1 17 17 18 
25 5 15 18 20 18 7 18 19 2 
26 1 18 4 21 15 13 18 = 
26 21 20 14 22 13 19 18 22 2 
ST 17 23 0 23 10 25 18 23 17 
28 14 25 10 O47 31 18 = 3 
29 10 27 20 25 5 SW (V3) Cygni = a 
30 6 30 6 2% 2 > - : = m. 
31 . 2 RX (X?) Hercu. 26 23 Apr. no — May 1 1 
ZHerculis. Apr. 16 2 27 21 rbd 217 

; > oo 28 18 27 14 

Apr. 16 4 16 23 29 15 May 2 4 4 1 
is 8 17 21 30 13 - 617 5 17 
20 4 18 18 31 10 i ¢ 7 
22 3 19 15 15 21 8 a 

24 4 20 13 RV Vv? , £ 10 
26 3 21 10 RV (V*) Lyrae. 4 _ 1) 17 
28 4 ae ¢ Apr. 2B. 17 29 14 a3 2 
306 «63 23 «5 22 8 ‘ 14 17 
May 2 4 “a 2 95 22 UW (Z) Cygni. 16 1 
4 2 24 23 29 12 Apr. 17 13 iz 17 
6 3 25 21 May 3 3 21 0 19 1 
8 2 26 18 6 17 24 11 20 17 
10 3 27 15 20 fF 27 22 22 1 
12 2 28 13 13 22 31 8 23 17 
14 3 29 10 17 12 May 4 19 25 #1 
16 2 30 7 21 3 .  - - 26 16 
18 3 May 1 5 24 17 11 17 28 1 
20 2 s 2 28 7 15 14 29 16 
22 3 2 23 31 22 18 14 31 1 

Maxima of UY (S*) Cygni. 

Period - 26™.3. The minimum occurs 1 55™ before the maximum. ' 
a 1 h 1 
Apr. 15 11 Apr. 26 16 May 7 21 May 20 4 
16 14 27 19 8 2% 21 ¥ 
17 17 28 22 10 2 22 10 
18 20 30 0 11 5 23 13 
19 23 May 1 3 12 8 24 16 
21 1 2 6 13 11 25 19 
22 + 3 9 14 14 26 21 
23 7 4 12 15 47 28 0 
24 10 5 15 16 20 29 3 
25 13 6 18 La 22 30 6 
19 1 31 7 











Variable Stars. 211 

Variable Stars of Short Period not of the Algol Type. 
Minimum. Maximum. Minimum. Maximum. 
h h h h 
R Crucis Apr.15 14 Apr.16 23 USagittarii Apr. 29 10 May 2 9 
¢ Geminorum 15 17 20 17 S Normae 29 21 4 7 
U Sagittarii 15 23 18 22. « Pavonis 29 21 3 16 
W Sagittarii 16 1 19 4 6 Cephei 30 1 1 16 
Y Ophiuchi 16 15 22 20 Y Sagittarii 30 14 2 9 
S Crucis 16 21 18 9 T Vulpecule 30 15 2 0 
W Geminorum 16 22 19 138 STrianguli Austr. 30 21 1 23 
V Centauri 17 6 18 17 S Crucis 30 23 2 11 
T Vulpecule 17 8 18 17 BLyre May 1 6 413 
U Aquilae 18 4 20 8 W Sagittarii 1 6 4 6 
V Velorum 18 4 19 3 V Velorum ae: 2 6 
S Trianguli Austr. 18 5 20 7 SU Cygni + 2 a as 
B Lyre 18 8 21 15 V Carinae 1 23 4 3 
T Velorum 18 10 19 19 U Aquilae 2 & 4 9 
V Carinae i8 13 20 17 T Velorum 29 3 18 
X Sagittarii 18 14 21 11 W Geminorum 210 5 1 
S Sagittarii 18 15 22 1 + RV Scorpii 2 14 4 0 
S Muscae 18 17 22 4 X Sagittarri 2 14 § 11 
W Virginis 18 20 27 1 + T Crucis 3 13 5 14 
Y Sagittarii 19 1 20 20 V Centauri 3 17 5 4 
5 Cephei 19 7 20 22 Y Ophiuchi 3 18 9 23 
SU Cygni 19 20 21 + = 7 Aquilae 4 5 6 11 
» Aquilae 19 21 22 3 T Vulpecule 5 2 6 11 
T Crucis 20 2 22 3. S Sagittae § 9 8 19 
S Normae 20 3 24 13 6 Cephei 5 10 7 & 
RV Scorpii 20 11 21 21 S Crucis 5 15 . = 
U Vulpeculz 20 14 22 17 V Velorum 5 16 6 15 
« Pavonis 20 19 24 14 ¢Geminorum 6 O ii 906 
R Crucis 21 10 22 19 W Virginis 6 3 14 8 
S Crucis 21 14 23. 2. U Sagittarii 6 4 9 3 
T Vulpeculae 21 18 23 3 «OY Sagittarii 6 9 8 4 
V Velorum 22 13 23 12 U Vulpecule 6 13 8 16 
U Sagittarii 22 17 25 16 T Velorum 7 O 8 9 
V Centauri 22 18 24 5 STrianguliAustr. 7 4 9 6 
T Velorum 23 2 24 11 BLyre s ke 10 19 
U Sagittarii 23 15 26 15 S Muscae 8 0 32 2% 
SU Cygni 23 16 25 O TX Cygni 8 9 13 12 
TX Cygni 23 16 28 19 RV Scorpii 8 15 10 1 
S Trianguli Austr. 24 13 26 15 V Carinae 8 15 10 19 
5 Cephei 24 16 26 7 W Sagittarii 8 20 11 20 
W Geminorum 24 16 27 7 RCrucis 8 21 10 6 
8 Lyre 24 19 27 21 « Pavonis 8 23 12 18 
Y Sagittarii 24 20 26 15 V Centauri 9 5 10 16 
U Aquilae 25 5 27 9 T Monocerotis 9 5 17 3 
V Carinae 25 6 27 10 U Aquilae 9 6 11 10 
X Sagittarii 25 14 28 11 T Vulpecule 9 12 10 21 
¢ Geminorum 25 20 30 20 X Sagittarii 9 15 i2 12 
X Cygni 25 21 31 16 S Normae 9 15 14 1 
T Vulpeculae 26 5& 27 14 SU Cygni 9 20 11 4 
S Crucis 26 6 27 18 V Velorum 10 1 11 O 
RV Scorpii 26 12 27 12 W Geminorum 10 3 12 18 
T Crucis 26 20 28 21 T Crucis 10 7 12 8 
V Velorum 26 22 27 21 S Crucis 10 8 11 20 
S Sagittae 27 O 30 10. +6 Cephei 10 18 12 9 
7 Aquilae << ile 29 7 1 Aquilae i «6 13 15 
R Crucis 27 6 29 15 T Velorum 11 15 i3 Oo 
SU Cygni 27 13 28 21 Y Sagittarii 12 3 13 22 
T Velorum 27 17 29. 2 X Cygni 12 6 1 i 
V Centauri 28 6 29 17 U Sagittarii 12 22 15 21 
S Muscae 28 9 May 1 20 STrianguli Austr. 13 12 15 14 
U Vulpeculae 28 14 30 17 SU Cygni 13 16 15 0O 








bo 
_ 
bo 
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Minimum. Maximum. 
h h 

S Sagittae May 13 18 May17 4 
T Vulpeculae 13 23 15 8 
B Lyrae 14 4 he 23 
V Velorum 14 10 & 9 
U Vulpeculae 14 13 16 16 
R Crucis 14 17 16 «62 
RV Scorpii 14 17 16 3 
V Centauri 14 17 16 «5 
S Crucis 15 0O 16 12 
V Carinae 5 8 i7 i2 
5 Cephei 16 8 LZ. if 
¢Geminorum 16 4 21 4 
U Aquilae 16 6 18 10 
T Velorum 16 6 17 15 
W Sagittarii 16 10 19 10 
X Sagittarii 16 15 19: 12 
T Crucis iz 68 19 3 
S Muscae 17 16 21 $s 
Y Sagittarii Le 22 19 17 
« Pavonis 26 62 2i Zi 
T Vulpeculae is 9 19 18 
n Aquilae 18 14 26 20 
V Velorum 18 19 19 18 
S Normae 19 9 23 19 
U Sagittarii 19 16 22 15 
S Crucis 19 17 21 & 
S Trianguli Austr. 19 20 M1 22 
V Centauri 20 5 21 16 
R Crucis 20 13 21 22 
8 Lyrae 20 15 23 17 
RV Scorpii 20 18 22 4 
Y Ophiuchi 20 21 2t 62 
T Velorum 20 22 22 7 
SU Cygni 21 9 22 17 
6 Cephei 2. 22 23 3 
V Carinae 22 1 24 5 
S Sagittarii 22 4 25 14 
U Vulpeculae 22 12 24 15 
T Vulpeculae 22 19 24 4 
TX Cygni 28 8 28 6 


Apr. 24 


Period 4" 29".3. T 


d h 
Apr. 15 23 
16 21 
17 20 
18 28 
19 21 
20 20 
21 23 
22 21 
23 20 
24 23 
25 21 


Maxima of SZ (Y*) Cygni. 


h 


9 May 9 


Minimum. 

h 

V Velorum May 23 3 
U Aquilae 238 7 
W Virginis 23 9 
X Sagittarii 23 15 
Y Sagittarii 23 16 
T Crucis 23 18 
W Sagittarii 24 0 
S Crucis 24 9 
SU Cygni 25 & 
T Velorum 25 13 
V Centauri 25 17 
n Aquilae 25 18 
S Trianguli Austr. 26 4 
¢Geminorum 26 7 
R Crucis 26 9 
U Sagittarii 26 10 
RV Scorpii 26 20 
5 Cephei 26 21 
B Lyrae 2¢ 62 
k Pavonis 27 4 
T Vulpeculae 27 «66 
S Muscae > ae 
V Velorum 27 22 
X Cygni 28 15 
V Carinae 28 17 
SU Cygni So 1 
S Crucis 29 2 
S Normae 29 3 
Y Sagittarii 29 11 
T Velorum 30 5 
U Aquilae so 67 
U Vulpeculae 30: 12 
T Crucis 30 12 
S Sagittae 30 13 
X Sagittarii 30 16 
V Centauri 3 5 
W Sagittarii $1 15 
T Vulpeculae 31 16 
V Velorum on 23 
h h 

11 May 24 li 


Maxima of U Pegasi. 


d 
26 
27 
og 
29 
30 
May 1 


Apr. 


a Ore oh 


h 
20 
23 
21 
20 
23 
21 
20 
23 
21 
20 
23 


21 


d+ h 
May 8 20 
9 23 
10 21 
11 20 
12 23 
13 21 
14 20 
15 23 
16 21 
me 20 
18 23 
19 rs 


May 


Maximum 
h 
May 24 2 
25 ii 
31 14 
26 12 
25 11 
25 19 
27 6} 
25 21 
26 13 
26 22 
27 4 
QI8 0 
28 6 
31 7 
ai i8 
29 9 
28 6 
28 12 
30 9 
30 23 
28 15 
30 19 
28 11 
35 10 
30 21 
30 9 
30 14 
33 138 
31 6 
31 14 
Sa it 
32 15 
32 138 
33 23 
33 13 
32 16 
34 15 
a | 
32 20 


he minimum occurs 2" 15™ after the maximum. 


d 
20 
ai 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


20 
23 


21 
19 
oO 
21 
19 


9) 


21 


19 


99 


23 











Variable Stars. 213 





Approximate Magnitudes of Variable Stars Mar. 10, 1903. 


[Communicated by the Director of Harvard 





College Observatory, Cambridge, Mass.] 

Name, m.. Bis Decl. Magn Name ea ae Decl. Magn. 
1900, 1900, LYO00 pBilele) 
h m of 1 m 

T Androm O 17.2 26 26 14¢f R Camel 14 25.1 +84 17 9d 
T Cassiop. O 17.8 55 14 1lld R Bootis 14 32.8 +27 10 9d 
R Androm., O 18.8 +38 1 = B& S Libra 15 15.6 20 «2 f 
S Ceti Oo 19.0 — 9 53 S Serpentis 15 17.0 +14 40 ft 
W Cassiop. 0 49.0 +58 1 1 $ Coronac 15 17.3431 44 7d 
Ss 1 12.3 cy ek S Urs. M 15 33.4 78 58 8 
R Piscium 1 25.5 ae | t R Coronae 15 44. 28 28 6 
R Trianguli iL 81:0 3 50 7 \ 15 45.9 39 52 u 
U Persei 1 52.9 54 20 Sd R Serpe s 15 46.1 15 26 u 
R Arietis 2 10.4 24 36 12d kK Herculis 16 1.7 18 38 10d 
o Ceti 2143— 326 Gi R Scorpii 16 11.7 —22 42 f 
S Persei 2 in.e _. & -@ S . iG 2.7 22 39 f 
R Ceti 2 20.9 0 38 i U Herculis 16 21.4 19 7 Sd 
| ” 2 28.9 18 35 10d R Ursae Min. 16 31.3 72 28 91 
R Persei 3 23.7 35 20 t W Herculis 16 41.7 3i 32 / 
R Tauri 1 22.8 9 56 8 . Draconis 16 32.4 66 58 12d 
Ss as 23.7 9 44 1lld 16 47.4 15 7 9d 
R Aurigze 5 9.2 53 28 Yad 17 2.0 15 5 Sd 
U Orionis 5 49.9 20 10 91 18 9.3 31 O 12d 
R Lyncis 6 53.0 595 28 12d 18 42.2 5 49 5 
R Gemin. 7 1.3 22 52 13/ 19 1.6 8 ) u 
S Canis Min. % 273 8°32 8 tarli 19 10.8 19 29 u 
R Cancri 8 11.0 12 2 10d S : 19 13.6 19 12 u 
\ - S 16.0 17 36 121 R Cyg 19 34.1 49 5S t 
S Hydrae 8 48.4 3 27 ii RT 19 40.8 $832 ou 
= " 8S 50.8 8 46 91 X 19 46.7 32 40 t 
X Leo. Min. 9 59.6 34 oS lld se cy 20 3.4 57 42 f 
R Leonis 9 42.2 11 54 10d RS 20 9.8 38 28 u 
8 Urs. Maj. 10 37.6 69 18 1lld R Dely 20 10.1 8 47 s 
R Comae 11 57.1 19 20 14¢ U Cvg 20 16.5 17 35) 6 
T Virginis 12 9.5 5 29 101 ‘ 20 38.1 17 47 107 
XR Corvi 12 14.4 18 42 7 T Aquarii 20 44.7 5 31 s 
Y Virginis 12 28.7 3 52 t R Vulpee 20 59.9 + 23 26 s 
T Urs. Maj. 12 31.8 +60 2 9d T Cephei 21 82+68 5 Gi 
R Virginis 12 33.4 7 32 107 s " 21 36.5 +78 10 9d 
S Urs. Ma}. 12 39.6 +61 38 &d S Lacertac 22 24.6 + 39 48 u 
U Virginis 12 46.0 + 6 6 101 R 22 38.8 + 41 51 u 
j = 13 22.6 - 2 39 f S Aquarii 22 51.8 20 53 s 
R Hydrae 13 24.2 —22 46 4 R Pegasi 23 16+10 O s 
S Virginis 13 27.8 — 6 41 f S ss 23 165.5 + 8 22 s 
RCan. Ven. 13 44.6 +40 2 12d R Aquarii 23 38.6 15 50 s 
S Bootis 14 19.5 + 54 16 9 R Cassiop 23 53.3 + 50 50 Od 


NotEe:—f denotes that the variable is probably fainter than the magnitude 
13; 7, that its light is increasing; d, that its light is decreasing; 


s, that it is near 
the Sun; u, that its magnitude is unknown. 


Maxima and Minima of Long Period Variables. 


(Computed from Chandler's **Third Catalogue A question mark indicates that the 
elements are in doubt. By Misses Ida I. Watson and Helen M. Swartz of Vassar College 
Observatory.] 


Maxima. Maxima. 


Date No. Star. Date No. Star. 

May May 
1 7783 RU Cygni 10 6921 S Sagittarii 
2 7260? Z Aquilae 12 5950 W Herculis 
3 4816 \V Virginis 13 2780 T Geminorum 
5 5566? RU Libre 15 7085 RT Cygni 
7 4521 R Virginis 17 2100 U Orionis 
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Maxima and Minima of Long Period Variables.—Continued. 


Date. No. 
May 


17 6512 
19 5644 
20 6905 
22 5494 


22 5887 
24 7448 
26 7234? 
27 3060 


28 715 
28 7577 
30 5889? 
31 3264? 
June 
2 2976 
2 5338 
4b 7590? 
+ 5758 
7 5511 
9 782 
9 5501 
11 LT17 


21 7220 
23 6923 
28 2528 
28 5955 


¥. 
1903 
“cc 


“ 


Maxima. 
Star. 


T Herculis 

Z Librae 

R Sagittarii 
S Librae 

U Ophiuchi 
W Aquarii 

R Capricorni 
U Cancri 

S Arietis 

X Capricorni 
U Herculis 
W Cancri 


V Cancri 

U Bootis 

Z Capricorni 
X Herculis 
RS Librae 

R Arietis 

S Serpentis 
V Tauri 
Cygni 
Sagittarii 
R Geminorum 
R Draconis 


N@D 


Date. No. 
May 
3 893 
3 7045 
7 7120 


9 8068 
17 3493 
18 6207 
24 5795 


28 7468 

30 5583 

June 
2 4511 
5 4557 
5 7242 
ed 1222 
8 7754 
9 466 


12 7560 
13 2478 
13 5237 
16 5430 


21 3825 


24 107 
25 1944 
26 6943? 





Minima. 
Star. 


U Ceti 

R Cygni 

X Cygni 

S Lacerti 
R Leonis 
Z Ophiuchi 
W Scorpii 
T Aquarii 
X Librae 


Ursae Majoris 
Ursae Majoris 
S Aquilae 

Ie $ 


a7 


U Piscium 

R Vulpeculae 

R Lyncis 

R Bootis 

T Librae 

R Ursae Majoris 
T Cassiopeiae 

S Orionis 

T Sagittae 


Observations of Nova Persei. 


D. H. 
22 6 
“ce 9 
23 6 
“ 8 
25 r i 
“ce 7 
1 7 

“cc T 
2 7 

fe rd 
i 

+ 7 
11 8 
~ 9 
14 7 
“ ar 
‘ 

15 8 
“ce 8 


M. 


30 
35 
55 
O 
25 
40 
10 
30 
10 
25 
15 
40 
10 
15 
30 
5 


25 


J. Day. 
2416168 


6169 
6171 
6175 
6176 
6178 
6185 
6188 


6189 


Comparison. 
q3v2%r 
g3l%ev2r 
q3v2br 
q3¥ev2r 
g3lt2v2r 
q3¥ev2er 
q3v2%r 
q3v2kr 
q 34a v 24ar 
q 3¥av2r 
qd 31 av 2r 
q4v2r Moonlight 
q4viler 
q3lev2r 
q4v2rSky hazy 
q4v2r 
g4vilter 


The star is nearly stationary at about 10.2 magnitude. 





F, E. SEAGRAVE. 


New Variable Star 1.1903 Aurigz.—In A. N. 3846 Rev. T. D. Ander- 
son announces the variability of the star BD + 53°.979, 9™.3, whose place for 


1855.0, as given in the BD., is 
R. A. 5" §0™ 


03°.0; Decl. + 53° 


16’.9 


On May 1, 1902 this star was fully a magnitude fainter than one of the 10th 
magnitude which lies about 1’ to the south following. On Dec. 6 the s. f. star 
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was again the brighter of the two, although the difference amounted then to 
only half a magnitude. Feb. 4, 1903, the variable surpassed its neighbor by 
0™.5 at the least, and possibly by as much as 0".7. 


New Variable Star 2.1903, Draconis.—This was discovered by 
Mme. L. Ceraski on the photographs by M. S. Blajko at Moscow. Its position 
is 1855.0 R. A. 9" 25™ 46%.8; Decl.-+ 78° 30’ 06” 

1900.0 R.A.9 31 05.1; Decl. +78 18 14 
It is not found in the BD. but is given as No. 1856 in the Kasan A. G. Catalogue, 
with a magnitude of 8.2. There are four faint stars following the variable, the 
relative codrdinates being : 


2. 3. 4. 
Aa cos 8 +115” + 207” + 313” + 352” 
Ad 4+ 15 4+ 44 + 86 + a 


On a dozen plates taken from May 4, 1897 to May 16, 1901 the variable ranges 
from 9.3 to 13, photographic magnitude. 





New Variable Star 3.1903 Ursz Majoris.—A new variable of an 
unusually short period is announced in A. N. 3848 by Messrs. Miiller and Kempf 
of the Potsdam Observatory. The star varies between the magnitudes 7.9 and 
8.6 in the period of only 4 hours. It is BD. + 56°.1400 and its position for 
1900.0 is 

R.A. 9" 36™ 44%; Decl. + 56° 24’.6. 
The variability of the star was discovered in 1902 but the character of the light 
change was not established until January of this year. On Jan. 14 the star was 





LIGHT CURVE OF NEW VARIABLE STAR 3.1903 Urs. Mayjoris. 
observed at Potsdam for 41% hours and on Jan. 17 for 5% hours without inter- 
ruption so that the whole course of the light change may be determined. The 
elements found from 181 observations are 
Min. = 1903, Jan. 14 45 32™ Gr. M. T. + 45 00™ 125.8 E. 

The uncertainty of the period can hardly be as great as 0°.5. 

According to these elements a minimum will occur between 8 and 9 P. M. 
every evening during April and near 9 Pp. M. during May. 
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New Variable Star 4.19038 Draconis.—This was found by Mme L. 
Ceraski upon the photographs of M.S. Blajko at Moscow, and is announced in 
A. N., 3849. The star is BD. + 73°,533, 9.5™ and its position is 

1855 R.A.115 37™ 12%; Decl. +- 73° 04’.0 

1900 R. A. 11 39 49 ; Decl. +- 72 19 .O 
On 11 photographs it was of the same brightness but upon 2 it was about 114 or 
2 magnitudes fainter so that M. Blajko concludes that it is of the Algol type. 
Professor Ceraski states that the star BD. + 73°,534, near the variable, is about 
21.’ farther north on the photographs than in the atlas and the catalogue of the 


BD. 


New Variable Stars 5 and 6, 1903 Tauri.—These stars, announced 
as variable by Dr. E. Hartwig in A. N.,3851 are near the variable Z Tauri, which 
was discovered by Anderson in 1900, and were given by Anderson as stars by 
means of which Z might be identified. They are about equidistant fromZ and the 
straight line joining them passes a little north of the latter. The first was noted 
by Mr. Anderson as of the 8.9 magnitude and the second as of the tenth magni- 
tude, although both are missing from the BD. The positions of the three stars 
are: 


R. A. 1855. Decl. 1855. R. A. 1900. Decl. 1900. 

h m s o h m s ‘ ww 
5.1903 § 43 28.1 +15 50.3 5 46 03.39 +15 51 19.8 
Z, 5 44 04.7 +15 45.3 5 46 39.87 +15 46 12.9 
6.1903 5 44.7 15 +41 5 7.3 15 42 


The positions of the stars 5.1903 and Z Tauri for 1900 were determined with 
the heliometer by Dr. Hartwig of Bamberg. According to Dr. Hartwig the star 
5.1903 has diminished about one magnitude, the period being yet unknown, 
while 6.1903 has changed more than two magnitudes and the period is probably 
about 294 days. The next maxima of the latter should be expected about June 
14,1903 and April 3, 1904. 





Missing Star BD. + 44°3585.—In A. J. No. 533 Mr. Zaccheus Daniel 
calls attention to a star given in the Bonn Durchmusterung as of the 9.4 magni- 
tude, which is now missing from the assigned place in the sky. It is 


BD. + 44°3585 R.A. 20" 42™ 558.3; Decl. + 44° 297.3 (1855). 


Mr. Daniel found it missing in 1900, Sept. 14, Oct. 18, Nov. 14, Dec. 19; 1901 
July 20; 1902 Aug. 8, Sept. 10; 1903 Feb. 5 and on perhaps fifty other occasions 
when the observations were not recorded. The place of the star is 1™ 52° follow- 
ing and 9’ north of the variable 7456 RR Cygni. There are two stars of about 
the twelfth magnitude near the place of the missing object but no variation has 
been noticed in either of them. 

We find the star missing also from a photograph of this region, taken with 
the 6-inch Brashear camera at Goodsell Observatory, 1895 June 21, with an ex- 
posure of 2540", There are no stars brighter than 11 or 12 magnitude within 
10’ of the place of the missing star. 


W Lyrz.—This variable having decreased from the maximum of Jan. 1902 
to 9.4 in the following March, as published in PopuLarR AsTrRONOMY No. 95, has 








Variable Stars. 217 








since increased and waned, and as may be seen in the morning hours, has 
revived its faint light. 
1902, May 8 Invisible. 


again 


€ ry 


7 
June 1 me 


2 11.5. Brighter than t, 12", 
Nearly 11". 

14and16 11”, 

23 10.2". Nearly equal to g, 10™. 


0 


Or 


25 Slightly brighter than g. 
Equal to g. 


28 
July 1 Brighter than g, less than e, 8.8" 
4 Slightly brighter than e. 
7 Equaltoe. 
10 Between e, 8.8" and p, 9.4™. 
16 eis about 0.2 brighter than W. 
21 8:50 P.M. Equal to e. On account of this fluctuation in its 
reviving lustre I include the hour of observation. 
22 8:50 p.M. 0.2" brighter than « 


24 8:30 p.m. More distinctly brighter than e; 0.2™ less than a, 8.6' 


30 8:55 P.M. “ “ ‘“ “as PY és che 
Aug. 1 8:42 P.M. Bs " ns 66 “ aes 


14 8:15 p.m. After two cloudy weeks W was seen to be brighte1 
than a and equal to n, 8.1 
Buildings hindered further observation until it was seen in the east in the 
morning hours as follows: 
1902, Dec. 28 5:45 a.M. Only discernible in a high power; about 12”. 
29 G:10 A. M. si as on “3 - = 
Morning clear; this is the date of expected minimum, according to the Com 
panion to the Observatory. During the ensuing weeks moonlight and rainy 
weather hindered observation. 
1903, Jan. 29 6:05 a.M. Two or three tenths brighter than g. 
Feb. 5 6:00 a.m. Equal to p, 9.4". 
V Hydre, one of the reddest stars in the northern hemisphere, varies at 
long intervals from 6.7 to 9.5. Occasional observations were taken in 1899, 
1901, 1902 and during these past weeks. 


1899, Feb. 18) Brighter than an 1899, May 9 8™. Deep red 
Mar. 3fadjacent star of 14 * . 
9}about 8™. 28 About 8.5 
Apr. 5 About 8' June 4 About 8™. 
10 _ sae Dec. 20 About 7". The gibbous 


12 Scarcely of 8™. 
May 1 8". Deep red. 


moon is north of the 
variable. The maxi- 
mum was due Dec. 17. 


“ 


v0 


In 1900 the occasional observations taken were not recorded. 
1901, Apr. 4 Nearly 6.5™: visible in 1903, Feb. 4 Not equal to B* but 
an opera glass. brighter thaneither of 
14 Still of more than 7" but the two stars of 7™ 
not equal to B* forming a triangle 
27 Same as above. with B* whichis about 
1902, Mar14 8", a degree distant. 


Qo” 


Agr. S&S “ 12 Same as above. This is 
10 “* the date of expected 
i |C maximum. The near 
“a CT 


ly full moon is close by. 
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S Ursa Minoris.—Date of expected maximum, May 9, 1902. 


1902, Apr. 8 9". 1902, Apr. 26 8". 1902, May 10 8.5™ 
> * May 1 8.5™ om. = 
19 8.5™ = 


T Ursa Majoris.—Before May 21st, the date of maximum, Ursa Major, 
approaching upper culmination, was lost to view. 
1902, Mar. 30 Equal to k, 9". 1902, Apr.19 Brighter than 8" about 0.2™ 
Apr. 8 About 8.8™ 26 ‘i ee i ‘a 
os 3”. May 1 cs ts 


ROSE O'HALLORAN. 
SAN Francisco, Cal. 


GENERAL NOTES. 

A Standard Scale for Telescopic Observation.—Professor W. H. 
Pickering was quite right in calling attention to the origin of “‘A Standard 
Scale for Telescopic Observation.”’ It was devised by him although he modestly 
does not mention himself directly in the matter, and he deserves great credit for 
having concocted it as it is the only absolute scale, that is the only one indepen- 
dent of the personal equation, which has yet been suggested. For large telescopes 
it needs to be compressed at the lower and expanded at the upper end as it is a 
function of the aperture; and, for exactness, it must be supplemented by a record 
of the bodily motion as shown by Mr. A. E. Douglass: ‘‘ Atmosphere, Telescope 
and Observer” (PopULAR ASTRONOMY, 1897) and “Scales of Seeing’’ (POPULAR 
ASTRONOMY, 1898). 

Since it was first putin practice at Arequipa and Flagstaff, much further 
knowledge about what makes good or bad seeing has been got in the study of 
the air currents by Mr. A. E. Douglass, for some years connected with this Ob- 
servatory. To his research we are indebted for the telescopic detection of the air- 
currents which make or mar the seeing and for the practical results which flow 
from their observation. In the course of this research it has thus been found, for 
example, that clear-cutness of the limb is not a sure test in planetary observa- 
tions. The air-currents may be such as to give a sharp limb and poor detail de fi- 
nition, or a poor limb and good detail, or to show both limb and detail clearly. 
It seems to be a matter of the size of the waves. An observer, judging of a 
planet as a whole, might easily suppose he was having seeing good enough to 
show certain detail if it existed whereas he was not, and vice versa he might dis- 
trust realities as illusions. 

It seems to be absolutely necessary to refer to the stars as a criterion for the 
reason that otherwise too much is left to the discrimination of the observer. 
Reference to the condition of the terminator or to any other special feature is too 
much a matter of individual skill to be generally advisable. A scale to be uni- 
versal must be as simple and impersonal in practice as it is correct in principle. 

PERCIVAL LOWELL. 

LOWELL OBSERVATORY, Flagstaff, A. T., 

March 9, 1903. 


Five Sundays in February.—In the March number of, Poputar As- 
TRONOMY the article on ‘Five Sundays in February’’ suggested a formula which 
Ihave not seen before. Possibly the author used a similar one in deriving the 
series of years he gave. 
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sv a slight modifleation of Professor Comstock’s formula for finding the day 
of the week on which any given date of the Gregorian calendar falls, we will get 
a formula which will not only determine the leap years in which February has 
five Sundays, but also the day which occurs five times in February of any particu- 
lar leap year. It is 


Yung Wud . med 
is Slates 4 100 * 400 

where Y denotes the given leap vear, q and r are respectively the quotient and the 
remainder obtained by dividing the second member of the equation by 7. Ifr=0 
February will have five Sundays. If r= 1 February will have five Mondays, ete. 
In the second member of the equation remainders are, of course, to be disre- 
garded. 


Str. OLaF COLLEGE, Northfield, Minn. 


THEODORE R. RUNNING. 


Two Independent Stellar Systems.—A paper from high astronomi- 
cal authority may soon be expected which will take the position that there pos- 
sibly exist two independent stellar systems. 


The Origin of the Symbol 0.—Professor Florian Cajori, of Colorado 
College, Colorado Springs, writes in February American Mathematical Monthly 
that he has received a letter from Y. Mikami, Tokyo, Japan, containing the fol- 
lowing: ‘‘I have found very important relations between the mathematics of 
India and that of China. Arabian numerals seem to be of Chinese origin. The 
Abacus, used by the Chinese from time immemorial, probably afforded the princi- 
ple of position. In China the use of the symbol Ofor zero seems to have been very 
old. I desire to study the history of the Chinese mathematics from this point, if 
I only can secure sufficient materials, which is, however, very difficult. Chinese 
works are not [difficult] to understand for us Japanese because we use the same 
letters.” 

The symbol of 0 and the principle of local value in our notation are generally 
supposed to be of Hindoo origin. 


The Parallax of the Sun from Spectroscopic Observations.*— 
It is a fascinating thought that the parallax of the Sun can be determined by 
means of the spectroscope. In order to compute the linear velocity of the Earth 
in its orbit we must first know the distance of the Sun. Conversely, if we meas- 
ure the Earth’s velocity, we can compute the Sun's distance (and therefore its 
parallax) from the equation: 


The Sun’s mean distance the Earth's mean velocity a constant. 


The constant is known with extreme accuracy. Now, if any star near the 
zodiac be observed with the spectroscope at the two seasons when its longitude 
differs from that of the Sun by 90°, we can deduce not only the velocity of the 
star in the line of sight, but the mean velocity of the Earth in its orbit as well. 
These ideas have no doubt been entertained by spectroscopists ever since the prac- 
tical demonstration of the soundness of Doppler’s principle, but they have not 
been put into effect because until quite recently it has not been possible to make 
the observations with sufficient accuracy. In connection with the plan of coéper- 
ation proposed by Professor Frost, Sir David Gill, Director of the Cape of Good 
Hope Observatory, has thrown out the suggestion that, ‘‘at each Observatory 
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some star should be selected to be observed nearly throughout the whole year, 
so as to determine the mean velocity of the Earth’s motion independently by 
spectroscopic means—in other words, to determine the solar parallax by spectro- 
scopic methods. This should give us a tolerably sound measurement of the fun- 
damental accuracy of our work.” It is to be hoped that this suggestion will be 
generally adopted. It is not impossible that the result of such observations 
would be valuable as a contribution to our knowledge of the Sun’s distance as 
well as for the reason given by Sir David Gill. Two observations taken at two 
opposite seasons, of a properly chosen star, will differ by as much as 59.7 kilo- 
metres per second on account of the Earth’s motion. Several spectroscopes have 
at the present time reached or surpassed an accuracy corresponding to a probable 
error of half a kilometre for a single determination of a velocity. This means 
that in order to reduce the probable error of the Sun’s parallax to 0”.01 about 
two hundred observations would be necessary.—Observatory tor March 1902. 





Linear Perspective Shadows and Reflections.—Otto Fuclis, the 
director of the Maryland Institute schools of Art and Design, Baltimore, Md., 
has prepared a book of small quarto size, consisting of 34 pages, and a case of 
14 plates at the end, on the subject of linear perspective shadows and reflections. 
Fuchs was formerly Professor of drawing at the United States Naval Academy, 
and Principal of the Massachusetts State Normal Art School, Boston, Mass. 
This new book is published by Ginn & Company. It is comprehensive and con- 
cise, a clear guide to the architectural draughtsman, as well as for artists gener- 
ally, all of whom must have a knowledge of the principles of perspective. 

The illustration problems are worked out in plates and they neatly explain 
text and drawings without going into the intricate parts of the subject that 
would require larger experience and the harder thinking that the artist must em- 
ploy in modern practical work. This work is commended as a useful elementary 
handbook. 





Mrs. Dorothy Klumpke Roberts Observed the Leonids from 
a Balloon.—[Translated from the Spanish by Dr. DeLisle Stewart.] Among 
the pamphlets lately received by our library is found one which refers to 
the ascension made by Miss Dorothy Klumpke in the balloon ‘“Centaur,”’ on 
Nov. 15, 1901, to observe the Leonids. I republish for our esteemed associates 
the interesting account of Miss Klumpke, now Mrs. Roberts: ‘Shortly 
after noon of November 15, which was a quiet and beautiful day, they began the 
process of inflating the balloon ‘Centaur’ at the works of Dandy, located on the 
level plains of Saint-Denis. When we reached the works at 5:00 p. M.—says the 
author in her interesting sketch—the balloon bag was extended upon the ground 
and was slowly filling, raising itself like a great white dome. We received, along 
with the instructions of the Director of the Observatory of Meudon as to the 
best modes of observing the Leonids, the good wishes for our journey from Mr. 
and Mrs. Jenssen. 

“Towards midnight in company with my mother and sister, we returned to 
the station; everything was changed; a majestic globe presented itself to our 
view; near the great car was a group of workmen occupied with arranging the 
balloon; at a little distance was a lighted brazier and very many friends who had 
come to shake hands before I left. 


* From the Publications of the Astronomical Society of the Pacific, No. 87. 
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“We seat ourselvesin the car; the operations of fastening it on are continued: 
‘Let go,’ ‘steady the car,’ said the captain of the men going from side to side. 
‘Steady.’ They throw out a sack of ballast and the Earth seems to drop away 
from beneath our feet. Numberless handkerchiefs are waved in the air, and 
shouts of ‘a good voyage,, ‘bravo,’ ‘good-bye,’ reach us for the last time. We 
were gone and I did not realize it; the wind was carrying us toward the un- 
known. 

“There was a momentary emotion as I thought of those I was leaving, but I 
quickly calmed myself: was I not on board the ‘Centaur’ which had already 
made several ascensions? Was 1 not accompanied by two distinguished aero- 
nauts, M. Mallet to guide the balloon, and M. Fonvielle to act as secretary and 
record my observations? Did I not feel encouraged by the thousands of peti- 
tions that friends, known and unknown, were making for me? Did I not know 
that He who rules in the heavens and to whom alone belongs glory, majesty and 
dominion, is also the only One who is exalted in giving law to men and in giving 
them at His pleasure grand and sublime lessons ? 

“It was 1:03 in the morning. Panoramas of indescribable beauty were un- 
rolled at our feet; the City of Light disappeared quickly from our sight, an east 
wind carried us in turn over the cemetery of Saint-Owen, Levallois-Perret, 
Mount Valerien; at 1:09 a. M., M. Mallet left the balloon to the mercy of the 
wind. 


“The constellation Leo, which was to be the object of our closest attention, 
was rising in the east; to the southeast the Moon, surrounded by a magnificent 
halo of brilliant color, seemed to be drawing great masses of cloud toward her- 
self; all the horizon was covered with thick haze and shadows, and above us the 
sky was wonderfully clear, so that in spite of the Moon being nearly at the full, 
we could readily distinguish all stars down to the 5th magnitude, and we were 
at a height of only 500 meters. 

“During our astronomical observations the Moon served for a natural lamp 
so we did not use the electric lights placed at our disposal by the Observatory of 
Meudon. 

“At 1:20 the first Leonid appeared, going toward the constellation Hydra. 
From that moment we were at our task. We did not have the pleasure of seeing 
a real shower of Leonids, as had been foretold by M. Fikhoff in his observations 
of the evening before; the Leonids were few. There was no need of keeping 
count from moment to moment, they followed at very great intervals; they were 


generally brilliant; showing an undulating bluish-white trail. We also observed 
iS sporadic meteors besides the Leonids. These can 


near by, Leo Minor, Hydra, Ursa Major and Virgo. 


i from the constellations 


“Prom 1:20 to 2:00 a. M., we saw two meteors; from 2:00 to 3:00, five 
2:05 was especially noteworthy. It was 
brighter than Sirius; it came from Leo, went toward Hydra and showed a very 


meteors; of these the one observed at 


bright, undulating, irridescent trail, varying in brightness and changing trom 
blue to green, then to red 

“At 5:10 we saw our last Leonid which went toward Virgo. Observation 
ended at 6:00 a. M.; our lamp had become extinguished, as the Moon approached 
the horizon; nothing remained of the magnificent halo which had encircled the 
Moon all night, but two lateral ares of orange red, which sank with her into the 
haze. The curves of the self-registering apparatus showed that during the ob- 
servations the balloon had remained at the altitude of 500 meters. The tempera- 
ture oscillated between 4° and 1°. 











222 General Notes. 








“At daybreak we reached the low haziness near the Earth, and from time to 
time M. Mallet asked the peasants, ‘In what province are we?’ We got lower 
and lower until we were at an altitude of 90 meters only. From that time on 
we talked constantly with the peasants who shaded their eyes to see our mag- 
nificent balloon. 

“About 8:00 a. M., M. Mallet threw out the anchor with one hand and with 
the other opened the great valve of the ‘Centaur.’ We felt a slight jolt as the 
car touched the Earth. The balloon stopped. Scarcely had I left the car, when 
the balloon bay fell, imprisoning the two aeronauts who were promptly freed 
with the help of an accommodating peasant. 

“Our balloon lay extended upon the ground; M. Fouveille, accepting the invi- 
tation of Mme. Condet, went to get warm at the fire, and M. Mallet with his 
volunteer helpers removed the objects from the car one at a time. 

“November 17 at 4:30 in the morning we were again in Paris on our return.” 
—From March Bulletin of the Astronomical Society of Mexico. 





The Mean Speed of Stellar Motion.—in the March number of The 
Journal of the Franklin Institute, p. 207, will be found an important article by 
Luigi d’Auria, ona relation between the mean speed of stellar motion and the 
velocity of wave propagation in a universal gaseous medium, bearing upon the 
nature of the ether. 

The mathematical part of the article is interesting and it is not difficult. If 
space allows we will give it in full next time. 

The conclusion is that the speed of wave propagation in a universal gaseous 
medium is approximately equal to the mean speed of stellar motion. According 
to Kapteyn’s investigation, this is about 19.3 miles per second, hence, by this 
discussion, the speed of wave-propagation in a universal gaseous medium could 
not be much greater than 17.6 miles. 

The author of the article thinks that his reasoning shows that ‘‘such a me- 
dium would be utterly unfit to propagate energy with the velocity of light, and 
that it proves conclusively that ether must be imponderable, that is a substance 
outside the law of gravitation whether the ether be infinite or finite." 

Another interesting result follows from anapplication of this reasoning to the 
wonderful phenomena observed to take place in Nova Persei. Assume that Nova 
Persei is at a distance of 159 light years from us. Also suppose that the solar 
system is near the center of that great belt of stars in the heavens, known as the 
Milky Way, and that our Sun is a star near the center of the universe, then we 
may compare the density of the supposed universal, gaseous medium with the 
density of air, for the two would be of the same order of magnitudes as the 
author thinks. It might naturally be supposed that a universal gaseous medium 
at a distance of 159 light years, 9.36 10" miles from the star Nova Persei 
would have enough density to offer resistance to the motions of comets, to say 
nothing of other celestial bodies. The author's conclusion is that the density of 
such a medium would be quite considerable at its center, and his calculation 
shows that it would be that of common air at a distance of 585,000 miles from 
its center. In other words the mass of a concentric sphere of this medium whose 
radius was 585,000 miles from the center of the universe would have a mass 
about seven times that of Jupiter, entirely too small to have influence in stellar 
space. 


Zaccheus Daniel.—We notice that Professor Zaccheus Daniel, for some 
time of Lewisburg, Pa., has recently taken up astronomical work at the Observa- 
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tory at Princeton, N. J., his special line being the observation of variable stars 
with the photometer attached to the 23-inch telescope, the photometer being a 
copy of the one now used in connection with the 40-inch glass at Yerkes by J. A 
Parkhurst. 


Man’s Place in the Universe.—In ‘The Independent,’’ Feb. 16, 1903, 
appears a very suggestive and thoughtful paper on “‘ Man's Place in the Uni- 
verse,’ by Alfred Russell Wallace, one of the ablest 


the nineteenth century. 


and best known scientists of 


This paper deals largely with astronomy, and uses its facts and theories in 
support of the conclusions which its author reaches, that are somewhat new, 


and some of them are stated so definitely certain to appear to modern 


ats 
scholars rather startling. He begins by referring to the views of early astrono- 
mers who believed the Earth to be the center of the visible universe, with all the 


bodies of the solar system, Sun, Moon, planets, comets and stars revolving 


around it, guided by the thought that all this splendid array of the heavens was 


made “for the sole use and enjoyment of man;—the Sun to rule by day and the 
Moon and stars by night.” 

When the Copernican theory was established, and the telescope was pointed to 
the Sun, Moon and planets by Galileo, and Newton had made his brilliant dis- 
coveries, the former belief that the Earth was the ce 


ter of the universe, and that 
man was the supreme object in creation and the end of it all was swept away. 
For it was then possible to see that the countless millions of starry suns were 


probably as important in the Divine plan as our own Sun and that our solar 
system was but a speck in the unfathomable depths of the universe, and that 
man's place of importance in it was entirely swept away. 

If we come now to the nineteenth century, it is still seen how scholars and 
popular writers cling to the idea that the planets are inhabited, and that the 
stars being suns like our own are probably attended by trains of planets 
From such supposed facts many diverse influ 
ences were drawn. Sir David Brewster thou 


which are similarly inhabited. 


ght such habitability almost es- 
1 wisdom of Deity. Sir William 
Herschel held that the Sun had a luminous atmosphere and that the body of it 
was probably cool and habitable. , 


sential to a proper conception of the power an 


Recent astronomical research has revealed a universe all but limitless in 
extent, variety, complexity and grandeur, so that former ideas of things have 
been so much changed that modern skeptics could speak of religious creeds and 
dogmas with scorn, but only in the same way that they would speak of changed 
views in science if they were just. They might say in view of these startling 
revelations in science that man is a pretty small creature on a very small world 
for so large a place as religious teachers give him, and so they have even scouted 
at the idea that the God of all the universe should give His son to be a sacrifice to 
save a sinning man from the consequences of his wrong, as the crowning absurd- 
ity of all, and that no rational being could believe it. 

From this view of the skeptic, derived from some leading facts of modern 
science, the author turns to some recent conclusions respecting man’s place in the 
natural universe accorded him by his Creator. 

He claims that the solar system, and of course, the Earth as one of its 
planets is located at, or near, the center of the universe, dimly outlined by the 
great belt of stars known as the Milky Way. 


He then brings forward a number of arguments tending to show that the 
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stellar universe is limited; if limited and the Earth, the abode of man, is placed 
near its center, then there must be some design in this unique arrangement, es- 
pecially since astronomers say there is probably no other planet in our solar 
system that is in physical condition to be inhabited by beings like ourselves. It 
seems to us that the conclusion drawn from such premises is not warranted. As 
well might the author say that because the solar system is moving teward the 
constellation Herculis therefore the center of the universe is somewhere in that 
line of motion. 


Frratum.—February 1903 gives “Approximate magnitudes of variable 
stars as Dec. 10, 1902."’ Iv should have read “Jan. 10, 1903.” 
E. C. PICKERING. 
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